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PREFACE

The ZAP laser analysis program was written for the
Naval Research Laboratory, Washington, D.C., under contract
N00014-70-C-0341. The Principal Investigator was Dr. M. Troost.
The code was programmed and debugged by J.E. Welch.
Dr. J.H. Alexander contributed strongly to the geometrical
analysis, in particular the Helix. Dr. A.G. Petschek defined
the statistical amalysis. Dr. J. Trenholme oi NRL made many
worthwhile suggestions for improving the program and contri-
buted the second sample problem. The excellent cooperation
by NRL personnel-throughout the contract period contributed
significantly to the success of this contract.
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ABSTRACT

This report presents a detailed description of the ZAP
computer program. It is used to determine the distribution
of energy deposition within a laser assembly. The program is
written in FORTRAN IV. The calculation uses ray tracing and
Monte Carlo techniques to obtain a solution. The program is
applicable to a wide range of geometries and a spectrum of

wave lengths.
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1. METHODS USED

1.1 INTRODUCTION

Several methods might be employed to calculate the

distribution of the energy deposition within a laser assembly.

Analytical calculations are impossible due to the complexity
of the geometry. Numerical solutions of the relevant wave
equations should be possible, but the computer time cost for
three-dimensional calculations is proLibitive. Ray tracing,
which is frequently used in optical problems; seems to be the
most practical method available.

1.2 RAY TRACING

In ray tracing, rays may be selected systemat1callv or

.

et

at random. In simple geonetr1es, systematic selection oﬁ
rays is advantageous, as only a few arc needed for a good
sample. In complicated 3-dimensional gebmetries, the number
of rays required for an adequate systematic sampling becomes
prqh1b1t1bely large, and randomly selected rays from known
distributions will give more reliable results for the same
amount of computer time. As many laser designs are.of con-
siderable complexity, the ZAP.program uses randomly selected
rays from specified distributions. Each ray'is defined by
the three directional cosines, the coordinates-of the sta
ing point, and an intensity distribution as a ‘unction of
waveyengzp., |

-

A problem any method of ray tracing in a design

amount of internal reflection and no black

s, 1s to decide when to stop following a particular
ray. As each ray loses its energy very gradually via partial
absorption, it is impractical to follow the ray until it is
completgly absorbed; without a black absorﬂer this would take

J ey
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not waste too much effort on thenm.

1.3 NONTE CARLO AND RUSSIAN ROULETTE /
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a very large humber of reflections. If a ray is ignored only
after its energy falls below a negligible level (e.g., 1% of
its original strength), the paradoxical situatior exists where
most of the tracing effort is used for rays that contribute
very little to the final result. If, on the other hand, each
ray is cut off when its energy is still significant (e.g., 25%
of its original strength), larger errors will be made. A
method is needed that does not ignore weak rays, but that does

/ By randomly selecting the rays to be traced, the prob-
lew is transformed into one that can be solved by Monte Carl
methods. A technique frequently used in Monte Carlo solutions
is the Russian Roulette Technique. This technique allows
eack ray to be cut off while its energy is still significant
without ignoring the weak rays. Basically this method
involves statisticaily eliminating sowe weak rays, while
strengthenlng other weak rays for further tracing. In prac-
t1tefnthe Russ1an Roulette method works as*follows.

o

A ray“is followed until 1ts intensity falls below a

certain predetermined level (e g-» §0§ of original intensity).
At that point, it is decided randomly whether this ray will

“survive. If it dies, it is ignored and no record is kept.

If it survives, its 1ntens1ty is multiplied by a factbr which
is the inverse of the probab111ty of surv1val in the random
test. The intensity of the surviving ray is therefore alnays
relatively high (e.g.:labove 50% of the original intensity).
As each ray may several times pass through this procedure
before being killed, even very weak rays are statistically
represented in the sample. Partial- refleciions may be treated
by creating a new ray of appropriate intepsity. A pass
through the Russian Roulette routine will then decide whether
the new ray survives and with what intensity. '

2

ot

il e
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Energy deposition is determined by calculating the
exponential attenuation along the path of a ray. The deposi-
tion is assigned to the segment through which the ray passed.
The intensity is checked at every interseefion of the ray
with a boundary, and a game of Russian Roulette is played
when necessary. Eventually each ray wgii\;herefore be killed
in a game of Russian Roulette.

1.4 ACCURACY

The accuracy of the energy absorbed in the various
regions of the system is dependent on the number of rays )
traced. Sevéralrruns‘nay be necessary to determine the number
of rays needed for the éécuracy required. |

1.5 MULTIPLE WAVELENGTHS

Multiple wavelengths are handled in the ZAP pProgram by
assigning intensities for each wavelength to a single ray.
For this techniqﬁ; to be applied it must be assumed that the
angle of refréétion at a material interface is independent
of wavelength, which is an approximation. The absorption
coefficients and the percent reflected may vary with wave-
length.

As the ray is traced through the systen, the amount
absorbed for different 'qavelengths varies. Therefore some
uavelengihs will-be destroyed by Russian Roulette while other
wavelenéths survive. The ray is traced until all wavelengths
have lost their intensity either by absorption or by Russian
Roulette.

The energy deposited in a material by a given ray is
the sum of the contributions of the various wavelengths.
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1.6 GEOMETRY SPECIFICATIONS

A flexible method for describing the geometry of the
system has been developed which allows simple input and fast
Computation. At the same time, it allows for great gener-
ality in geometrical configuration.

A problem common to many Monte Carle codes is their
pXtrene slowness when applied to complicated geometries.
This slowness is caused by the need to check for possible
i;iéigéctions with all possible boundaries. The running time
thus becomes roughly proportional to the number of boundaries
in the system. It becomes quickly evident that some technique
is needed which eliminates the necessity for checking all
boundaries for each intersection.

One possible solution to this problem is to divide
space into subregions and-to check only for possible inter-
sections with those boundaries that exist in the subregion
and with the boundaries of the subregion itself. Some
modern Monte Carlo codes use this method, but they are often
inconvenient to use because of the cumbersome geometrical
definitions required for each subregion.

Systems, Science and Software (S?) has developed a
method which uses the subdivision method recursively. The
geometry is specified by a greatly simplified geometrical
“inﬁut, as the subregions used are the natural geometrical
~ shapes of the system.

dea,senien

1.7 SEGMENTS

Each part of space in the problem to be studied is
diwided into one or more segments. A single piece of mate-
rial may belong to several segments o} a segment may contain
several materials in the form of subsegments. Two kinds of

segments are defined: Mother segments and Daughter segments.
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The Mother segments act as subregions and the Daughter seg-
ments lie within Mother segments. When a photon lies in a
particular Mother segment, only the intersections with boun-
daries of that Mother segment and its Daughter segments need
to be checked. The boundaries of the Mother segment shield
the photon therefore from the details in the space outside
the Mother segment. \

It frequently is also desirable to shield the photon
from details in certain areas within the Mother segment.
This may be done by enclosing these details in a Daughter
segment and declaring this Daughter segment to be a Mother
segment at a lower level. We now have a recursive definition
of Mother and Daughter segments, where any Mother segment may
be a Daughter segment of a higher level Mother and any
Daughter segment may be .qlower level Mother segment.

The geometry of the complete system fits into one
Mother segment. This Mother segment usually will have several
Daughter segments that are Mother segments in turn.

This recursive subdivision may be contiﬁqed to
desired depth. Any Daughter segment, that is not a Mother
Segment, must consist of a homogeneous material.

A Hoiher segment is a segment that is partially or
completely filled by one or more Daughter segments. That part
of space within a Mother segment that is not occupied by
Daughter segments has the material properties of the Mother
segment. The volume of the Mother segment is the volume of
the space within the Mother segment that is not occupied by
Daughter segments.

Whenever possible, Mothér.segmgnts should have simple
shapes, e.g., rectangular paralleﬁepiped, cylinder, sphere.

A simple shape allows an efficient check for boundary cross-

ings and reduces computfr-tine. However, in principleﬁx\\

\
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Mother segment may have any shape, even though that may be
expensive in computer time.

Although the possible number of Daughter segments
within a Mother segment is unlimited, in Practice this number
should-be quite low le.g., below 5) to reduce the number of
boundary crossing checks. After all, the Mother segment was
introduced to reduce the number of potential boundary cross-
ings.

A Daughter segment must lie completely within its
Mother segment. Each Daughter segment is therefore associated
with only one Mother segment. Each Daughter segment may in
turn be a lower level Mother segiént.

For each Mother segment, all of the external boundaries
must be specified. Boundaries of Daughters need not be speci-
fied for the Mother. For each Daughter segment, all of the
confining boundaries must be specified.

In specifying the boundaries of a given segment, it
is necessary to know on which side of the boundary the seg-
ment lies. For a plane, one must specify if the segment is
on the origih Or non-origin side of the plame. This is
accomplished by specifying a positive boundary number for
the origin side and a negative boundary number to indicate
that the segment is on the non-origin side. For curved sur-
faces, a positive boundary number means that the segment is
inside the surface and a negative boundary number indicates
that the segment lies outside the boundary. 5

1.8 SURFACE DEFINITIONS

The geometric surfaces of the System are defined con-

veniently for vector calculations. In theory, any
mathematically definable geometric shape can be used with the

 ZAP program by adding the appropriate subroutines to the
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computer code. The definitions for the geometry types of
most general interest are summarized below:

1.8.1 Plane

A plane is defined by the directional cosines of the
normal to the plane and the coordinate of a point which lies
on the plane (Fig. 2.1).

1.8.2 Cylinder

A cylindrical surface is defined by the directional
cosines of the cylindrical axis, the coordinates of a point
on the aﬁis, and the radius (Fig. 2.2).

1.8.3 dnic Cylinder

A conic cylinder whose major axis is perpendicular to the
Z axis ig. 2.4) is defined by the directional cosines of
the major axis of the c9nic, the X-Y coordinates of the focus,
and the X-Y coordinates of two points on the comnic surface.
The two points must not be symmetric relative to the axis,
althougﬁ one of them may lie on the axis. :

Whether the conic represents a parabola, hyperbola, or
ellipse is defined by the value of the eccentricity, which
can be calculated from the data provided.

/parabola: e =1
hyperbola: ep > 1
ellipse: e <1
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1.8.4 Sphere

A sphere is defined by the coordinates of the center
of the sphere and the radius (Fig. 2.3).

1.8.5 Half-cone

A half-cone whose axis of symmetry is parallel to the
Z axis (Fig. 2.5) is defined by the coordinates of the vertex,
and coordinates of a point on the surface of the half cone.

1.8.6 Paraboloid of Revolution

A paraboloid of revolution whose axis of symmetry is

parallel to the Z axis (Fig. 2. ) may be defined by specifying

the coordinates of the vertex and the Z coordinate of the
focus.

—

1.8.7 Prolate Elipsoid of Revolution

A prolate ellipsoid of revolution whose axis of symmet
is parallel to the Z axis (Fig. 2.6 ) is defined by the coor-
dinates of one of the vertices, the Z coordinate of the focus

nearest the -chosen vertex, and the coordinates of a p01nt on
the surface.

1.8.8 Hyperboloid of Revolution

One sheet of a hyperboloid of revolution whose axis of
symmetry is parallel to the Z axis (Fig. 2.8) is defined by
the vertex of the sheet of interest, the Z coordinate of the
focus of the sheet of interest and the coodinates of a point
on the surface. This point may lie on either sheet.

1.8.9 Helical Tube

A helical tube must have its major axis parallel to
the Z axis. A point on the axis is chosen such that the

X
-4
1
;|
!
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perpendicular from the point to the centerline of the helical
tube 11es along the X axis and points from the point to the
center11ne in the positive X direction. The perpendicular
distance from the axis to the centerline is specified and

the radius of the tube must be specified. The only other
parameter requ1red is proportional to the distance between
successive coils.

1.8.10 Boundary Intersections

In order to determ1ne which boundary is next inter-
sected by a ray, it is necessary to calculate along the
direction of the ray the distance to all pertinent boundaries
and choose the boundary which gives the smallest positive
distance. Because of the segmentation, it is not necessary
to calculate the distance to all of the boundaries in the
system, but merely to a subset of these boundaries defined by
the current Mother and its daughters. This is dccomplished
as follows. ' '

1. When a photon is inside a Daughter segment,
the following boundaries should be checked:

a. The boundaries of the current Daughter
segment.

b. The boundaries of the Mother segment.

2. When a photon is inside a Mother segment,“
but not inside any of its Daughter segments,
the following boundaries should be checked:

a. The boundaries of all Daughter segments
in this Mother segment.

b. The boundaries of the Mother segment .
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1.9 NEW SEGMENT DETERMINATION

After a photon has Crossed a boundary, the segment con-
taining the photon must be determined. This requires check-
ing each boundary of the Segment to determine if the photon
lies on the desired side of the bouhdary. If the photon lies
on the wrong side of 2ny boundary of a segment, it is not 'in
that segment. This search is conducted as follows:

1. Is the photon stilj in the Mother Segment?
If the answer is yes,

2. Check each Daughter segment until one js
found that contains the ‘photon.

see if this Daughter Segment is a Mother Segment at a lower
level. If such is the case, the Procedure must be repeated
starting at (2) for this new Mother segment .

The search thus continues until the final segment con-
taining the photon has been found. This might involve Climb-

levels. The algorithm is written recursively, and is not
concerned with the absolute Mother level. When a photon is
found outside the highest level Mother, which defines the
boundaries of ihe Ccomplete geometry, an error stop will occur.

. T o—
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1.12 ANGLE OF REFRACTION

3SR-405

1.10 NORMAL TO THE SURFACE

In order to calculate the angle of incidence and the
angle of refraction for a ray intersecting a surface, it is
necessary té determine the directional cosines of the normal
to that surface at the point of intersection. The equations
used to calculate the directional cosines of the normal depend
on the geometry type of the surface. , .

1.11 ANGLE OF REFLECTION

When a ray intersects a surface, part or all of the
ray reflect: off the surface at some angle which must be
determined. In the case of specular reflection, this angle
is the same as the angle of incidence, but in a different
direction. With a diffuse or iLambertian surface, the raf\
reflects with an angle chosen at random from a known distri-
bution. ) ; |

When part or all of a ray is trancsmitted through a
real surface, the transmitted ray may be refracted. The direc-
tional cosines of the refracted ray must then be calculated. '

1.13 PERCENT OF REFLECTION

Each boundary is assigned a reflection type which

~defines the method qsea to determine the percent of the ray

that is reflected. /Each reflection type is designed to
handle a partlcular type of boundary that might be necessary
in setting up a geometrical system. All reflections are
assumed to be specular with the exception of diffuse reflec-
tion. The following tyﬁes of reflection are currently in the
ZAP ﬁrogram.

.11
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1.13.1 Fresnel's Reflection for Dielectrics

The surface of laser rods and lamps or uny other type
of glass component will generally be represented by Fresnel's
reflection. '

1.13.2 No Reflection

A non-reflective or dummy boundary is used primarily
for segmentation purposes. The material should be the same
on each side of the boundary. Hence there is no refraction
either. o : \

pl

1.13.3 Total Reflection

Total reflection boundaries are used primarily for
boundaries of symmetry, but can also be used for other pur- _
poses where one wishes the impending ray to be totally reflected.

(5

1.13.4 Constant Reflection

Rays are reflected with coustant percent of the inten-
sity going with the reflected ray regardless of material
properties or the angle of incidence.

1.13.5 Table Reflection

Rays are reflected by a percent which is dependent on
the angle of incidence. A table is provided which gives the
percent as a function of angle, and interpolation in the table

gives‘the percent to be used.

12
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1.13.6 Function Reflection

Any number of functions might be used to give the per-
cent of reflection. Cne of particular interest is

percent reflection = 1-A cos? 8 b

where
7

- 0 = angleof incidence

A=a ,ééffifient between 0 and 1.

1.13.7 D1ffus1on Reflection

In the case of a d1ffuse surface (Jee angle of reflec-
tlon), the percent to be reflected is cons1dered to be a con-
stant which may be chosen for the particular surface under

consideration.-

2

1.13.8 Wavelength Dependent Reflection

The percent of the ray to be reflected may be dependent
only on the wavelength, or may be dependent on the wavelength
and the angle of incidence. N

1.14 SOURCE DEFINITION ' :

|

1.14.1 Surface Source m |

. One type of source that is available is a surface
sou;éé for a cylinder whose axis is parallel to the Z axis.
A random point is chosen on the surface of the cylinder, and
a ray is started from that point. The direction of the ray
is determined by a subroutine that is prov1ded by the user.
This subroutine provides an angle 9 with the normal to the
surface at thke point, and an angle ¢ with the cylinder
axis in thc : "ane tangent to the point. The distribution

of the rays is therefore under user control, and can be

13
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chosen to fit the model desired. From these two angles, the

directional cosines of the ray can be calculated. An option
provides for the rays to be directed outwards from the cylin-
der surface or inwards from the cylinder surface.

1.14.2 Volume Source

If desired, a volume source may be used. For a volume
Source, a starting pcint is chosen at random within the scurce N

'segment. A direction is then chosen in such a way as to give

isotropic emission. This is accomplished by choosing another
random point within a unit sphere hav1ng the starting point
as t?e center. These two points uniquely define the ray and
the d1rect1onal cosines are easily calculated. o

More than one source may be included within a given
system. For each source the number of rays to be created is
input and an initial’ energy distribution for the des1red
wavelengths must be prOV1ded. This distribution may be read
in from cards or may be 1hput by prov1d1ng -a subroutine to

produce the desired results.

.

1.15 ENERGY DEPOSITION ‘ o .

When a ray passes through anlabSOIbing'-aterial,
energy is deposited in the -aterial‘fbr each of the wave-
lengths being considered. For each wavelength the ray inten-
sity is decayed exponentiall agd the amount lost by the ray
is deposited in the material through which the ray has passed.
The amount lost by different 4avelengths is dependent on the
distance traveled and the aﬁSorption coeffic’ent of the mate- SO
rial for each wavelength. It is therefore necessary to pro-
vide an absorption distribution _as a function of wavelength
for each material.

14
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1.16 LOGIC FLOW

The flow of log1c using the ZAP program is as follows:

| F

2.

Generate a ray or conti jue with a leg of
the previous ray.

Determine the number of! the segment con-

taining the ray. R

Find the distance to the intersectiom point
or points for each of t#e appropriate boun-
daries and choose the b?undary with the
smallest positive disgaﬁce.

=
Deposit energy in the segnent through
which the ray. has Just assed. '

Dqtern1ne the seg-ent number on the
opposite side of the intersected boun-

dary.
Find the normal to the surface at the
point of intersection.

Calculate the angle of reflection, the
angle of refraction and the percent of
the ray to be reflected. Calculate the
directional cosines of the reflected and
transnitted rays.

Play Russian Roulette with each wavelength
of the rcflected and transmitted rays. If
the wavelength survives, double 1ts inten-
sity. If it does not survive, zéro its

intensity. The same-random nunbgr is used

for each wavelength. |
x

\_
.
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[ 9. Determine if the transmitted ray still has
t live wavelengths. If it does, start again
\ with step 3. If it does not, go back to

step 1.

] - The above procedure is repeated until the desired num- |
ber of rays have been traced to extinction. After all rays
have been completed, the final segment and material results
are printed, and the problem ends.

£ '

i 1.17 OTHER USES i
The ZAP program is a technique for solving optics i
probléns of many types. Although it was developed for the i
analysis ofwlgser effici7ncy it is also a general optics pro- |
gram that may be-applied 'to a wide range of problems.

“

B An example of another use is in the area of designing
reflectors for spotlights. The problem would be set up with
a reflector and spherical light source within the reflector.
At some desired distance in front of the reflector a black :
. nonreflecting plane wouid be placed, and the material behind
%’ the plane would be divided up into segments. The final
\ . _ _absorbed energy distribution in the target segments would
give a véry effective measure of the focusing ability of the
reflector. hany optics problems involving light sources and
evgnfual light absorption may be solved with the ZAP program.

l \
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\ 2. THE PROGRAM (

7% .
2.1 PROGRAMMING PHYLOSOPHY

The ZAP program was developed on tﬂe UNIVAC 1108 and
was written in basic FORTRAN IV and is as/machine independent
as is possible. A version exists for the CDC-3800.

Throughout the development of the program, every effort
was made to make the program as general as possible. In those
cases that require special geometric shapes not available in
the present code, new geonefry routines may be incorporated
in the program by adding the name of the geometry to a table
and writing four subroutines to handle the tasks required for
each geometric shape. Likewise, nevw types of reflection or
ray creation may be added in the same manner. |

. As far as is possible, each subroutine or function in

bl the code handles a given task without regard to what has

b happened'befaféthe routine was called. In that way-thesg™ ——
i roggigggmhgxghg“salledcimpmmvaniousﬂsectiong”af the pf6§ram

PR L TO PRI, 4

AN

R

to perform the same task for different purposes. Obviously
this is not always possible, but a definite effort was made
in that direction wkenever possible. One obvious drawback to
this is the resulting large number of subroutines; some of
which are so short as to be almost ridiculous. However, it
was felt that the advantages far outweigh the disadvantages.
Changing the way a particular task is performed usually means
replacing a small subroutine rather than making changes to a
large subroutine. '

The remainder of this section presents the mathematical
equations used for source generation, reflection and refrac-
tion. The equations used for each of the allowable geometries

are given next.

3
'
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2.2 SOURCES

After a ray has been absorbed or eliminated by Russian
Roulette, a new rily must be created. The intensity distribu-
tion of the new riay is acqu1red from a table (ESOR(V F)) that

was set up at the beginning of the run, where N = the source
number and F is the wave length index.

"The position and direction of the new ray depends on
the type of source be1ng used.

Let
X
i
yi‘} = the coordinates of the starting point
‘ of the ray.
Zi
\‘.
N\
AR « 3% N
84
Bi u = the directiopal cosines of the ray.
Yi 1 !

2.2.1 Surface Soufce

\

- For a surface source the new ray is created at the sur-
face of a cylinder whose axis is parallel to the Z axis. The

ray may be directed either inwards or outwards from the sur-
face.

18 |
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Let

9, = an angle in the plane perpendicular
to the cylinder axis

o = the angle of the ray with the normal
to the surface

¢ = Ln angle with the cylinder axis in

- the plane perpendicular to the normal

IMIN = minimum z value for starting point
of ray

Az = istance along the z axis for start-

ing point of ray

XpsYy = coordinate of a point on the cylin-
der axis.

RAND = a random number between 0 and 1.
Choose a random angle 9 0 < @, <2n

-x 4 (dkri e) * cos 6,

X

pde

z: = ZMIN + Az * RAND.

In order to calculate the directional cosines of the
ray it is first necessary to find the directional cosines of
‘.j‘ .
the normal to the surface at the point (xi, Yi» zi).

n
\

By = directiospl cosines of the normal
to the surface at the starting
point ‘

Yn
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)

. The anglés 6 and ¢ are determined by a special sub-
routine. This subroutlne must be provided by the user, and
will be written to give the desired distribution of rays.

\\

\ . n —
0 <o < 7

°.
IA
L ]
A

< 21

a. = a Ccos & + sin O sin
i n Bn ¢
= €08 O - a sin O sin’
- ' Bn l;v ¥ n ~ s ¢
' ' A 1 '

. i '
Y: = cos{? sin © B

pudo

‘1
If it is de51red fqr the ray to point 1nwards from the
surface, the signs of its d;rect1ona1 cosines (a., B., yi)

i
are reversed.

I -

b
3
"

\

! |
»
3

Lpew ray is creaied at a random

22 i 2 Volume Source |

For a volume sourci the
point within the source segment ;and the direction of the ray
is chosen to give 1sotrop1c em19§1on.

.The random startlng p01nt'§; determined by creating
a random point (x., yi, z. ) within | rectangular parallelopiped
that encloses the source segment. en a check is made to
determine if the p01nt\11es within t e segment. If not, new
‘random points are chosen unFll one is found that does 1lie

within the segment. ' _ ;

- A\ | o
| .

f
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To find the directional cosines, random components of
a vector are found.

Ax

a random number (-1 < Ax 5:1)

4y = a random number (-1 <4y <1)
Az = a random number (-1 < Az <1)

then : v

A\

R = Vax? + ay? + az? |

\

If R < 1, the random components are used. If not, other\se;s
or random components are determined until an appropriate set
is found. ’

Finally {
a. = Ax/R
| B, = Ay/R ; |
Y; = Az/R : | F : ,‘.\\\
2.2.3 Ray Input | | / - ﬁ\

The third way to Create new rays is to 1nput the start-
ing points and d1rect1onal cosines:of a systematically selected
set of rays. Then when a new ray is needed, it is'-available
in a table. This feature is primarily useful 1n debugg1ng

21 /
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2.3 REFLECTION

[ 2.3.1 Specular Reflection

{ . '
When a ray intersects a specuiar surface, part or all

of the ray. is reflecte at the same angle with the normal
and in the same plane

hat contains the normal and the impend-
Jr ing ray. Theiqérectiohal cosines of the reflected ray are
~ wrt-——ecalculated as follows:

b - -Z(uian ML YiYn)

a =a. + ba
) o i n

1 n - " /
vhere \
. j -
as ]
. ) \ /.I .
Bi = i1he directional cosines of the ray
9 .
Yi | | | |
r\ // {
. \ ..
a | 5 ’ ,
ro
B, = the directional cosines of the normal
: to the surface. -
Y ‘ //
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2.3.2 Diffuse Reflection
:

D1ffuse (Lambert1anl,ref1ect1on is calcalated by giving
the reflected ray & pseudo-random direction with a Lambert1an
distribution. Two angles (8 and ¢) represcat the angle between
the reflected ray and the normal to the surface, and the
angle the projection of the ray onto a plane perpendicular to
the normal makes with some line in that plane, re-pectively.

By definition, a Lambertian distribution is such that
the probability distribution P(6) varie as cos 6, while
P(¢) is constant. The problem then is te‘randomly choose 6
and ¢ in ‘a manner that gives the desired probab111ty distribu-
tions. One method of doing this is to choose a random
¢( 0 < ¢ < 2r) and a random cos2 e (0.0 < co§2 e <1.0).

That is not what ‘has been done in the ZAP code however.

——

If the reflected ray is a unit vector, the probab111ty
distribution of the projection of that ray onto the plane
perpendicular to the normal should be constant. This fact
is the key to the technique used here. o

With un1f4rm random numbers R (0 < R < 1) we get the
diffusely reflected d1rect10nal cosines of the ray relative
to the normal (N) and two orthogonal axes (P, 6) in the perpen-
dicular plane as f0110w5'

Let
ap = projection of ray onte P
B# = projection of ray onto 6
Hﬁ =’;;ojeétion of réy/ento'ﬁ
\ -

23
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Then choose £y

op = 2R;-1
BR = ‘ZRi*l-l
If aRZ + BR2 > 1.0, choose two new fandon numbers and calcu-

late new values for ap and BR. ' '

Then

- vVio- (o0 + Bx’)

Normal N has directional cosines an’Bn’Yn'

If a, = 1.0-;hoose
apb =0
Bp=1
Yp = 0

. -»>
Otherwise the directional cosines of P are




The directional cosines of 6 are

aQ = Bnyp - BPYn

B = @pY, " o7p

YQ = “hBP - “PBn

3SR-405

Finally, the directional cosines of the ray are:

®r = %% * BRoy * YR%

n

L cﬁ,%v“/ + BRY Q + YRYn

2.3.3 Percent of Reflection for Dielectrics.

When a ray intersects the surface of a laser rod, lamp,

or any other glass component, the percent of the ray to be
reflected must be calculated. The ZAP code uses Fresnel's

equation for reflection to calculate this percentage.

‘{ .I‘et
cos a = cosine of the angle of incidence
cos b = cosine of the angle of refraction ’
REF ; = ;efractime index of the material the réy'

is leaving.

REF_, "= refractive index of the material the ray

. is entering.

25
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then

/ = la.a + B.B + ¥.
/ cos a | i%n B1Bn YlYnl

Sas b.= Iarfan * Bran * erYnI

r = [c°S b - mcos ay
s Cos b + m cos a

o AE (cos a coé b - -(1 - cos2 a))
P S\cos a cos b + n(l - cos2 a) = 2

/I‘ T + T 1 » \
Percent reflected = —5—2——2 ‘

2.4 REFRACTION

When part or all of a ray is transmitted through a
surface separating different materials, the transmitted ray

" is refracted because of the difference in material densities. /

The directional cosines of the refracted ray are calculated

from the following equations.

Let . ,
rf
Brf = the directional cosines 6f the !
refracted ray .
Yrf

26
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the refractive index of the material

the ray is leaving

the refractive index of the material
the ray is entering

'

the directional cosines of the normal
to the surface at the point of inter-

section .

the directional cosines of the impend-

ing ray '

=a.a *+ B.B "+ Y.
€ in B1Bn Yi¥n

ac(—l ¢ Y1+ [1-2%)/a%c? )

a ¢ = aa; + ban

b =

27
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2.5 DEBUGGING

2.5.1 Printer Plots .

A printer piot-of the geometry cut by a plane may be
obtained for as -ény different planes as desired. Inleach

case a rectangular section of the Plane is defined as input.
The geometry within this rectangle is the geometry that will

be plotted.

LN )

T@; techniqué used to generate the points that—represent
the geo tric boundaries is as follows: fake rays are creatéd
and traced across the plane. Each time an intersection with
a boundary occurs, the coordinates of the intersection are
noted, and a blagk is plotted. The material number is plotted
between intersections. Rays are not reflected, and are
traced until they leave the area of interest.

-

. The only major restriction in defining the rectangular
Plotting area is that the rectangle must be completely enclosed

by the overall mother region (region number 1). This is no
real restriction since the overall mother can be made very
large with no loss otho-puter time or accuracy.

The input required to define the rectangular plotting
area consists of three points Po» Py» and pi. Pdigt P will

‘become the lower left hand corner of the plot and paint P;

\
will be the 1low - right hand corner. Point pi will be on the

‘top line of the plot. . .

Fake rays afg Created at eveh intervals along the lines
that form the top and lefthand sides of the plotting area,
and are traced perpendicular to -the line on which they are

/created. -The number of rays to be created is determined in

such a way that one ray corresponds to each print line and
one ray corresponds to each print column.

\

NX = number of vertical rays
NY = number of horizontal rays

\ 28
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Once an intersection point (x,y,z) has Béen fougd, the

coordinate system must be rotated and translated to correspond

to the plotting area. The equations needed are:

';x = 4("1"?’ (71'70}2 * (21:20)2

L = length of line PoP;

y angT_x_ \ v
Y1Y
ay - :x 0 } directional c?sines of pyr,;
z. -z
ag, = 42
L x

Point p, must be found

5 A (x27%g) * Ay (r2Y0) * 2 25-2)

Xz=x

K

N
N
L]
N
N
L]
w
LY

then

ty = {("z"‘o)_2 * ("z'yo)2 . (zz'zo)2

zy = length of line PoP,

29
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X,-X
: 270
a -
[ 1
¥ Y
o
yZ-YO . = .
ayy = ly d1recf1onal cosines of PoP,
| )
zZ,-2
! ayz - i 0-\
! y ‘

Rays are created at equal intervals along the top and
lefthand side of the plotting area.

NX = 130 = number of Print positions to be used

Asx = lx/(N -1) = interval along horizontal direction.

Asy = l-gﬂsx = interval along the vertical direction

Ny =2 /As_ + 1.5
y = tylts,
Horizontal ray number n has the starting coordinates:

X, = £, - (n - .5) Asya}x

Ys =¥, - (n - .S)Asya

s 2 " (n - .S)Asyayz

and directional cosines

5\
=" \
B=axy L
Y=axz
30
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Vertical ray number n has the starting coordinates:

Xg =X, ¢+ (n-l)Asxaxx

Ys =Y, ¢t (n-l)Asxaxy

L (n-l)Asxaxz

and directional cosines \

|

c=-ayx
B=-ayy
Y=fayz

/
For each intersection point x.y,z the plotting coordi-
nates are calculated as

A
X = 7*x(x-xo) + gxy(y-yo) + axz(z—zo)
’ 7'=‘?yx(x-xo) + ayy(yfyp) + ayz(z-zo)

i
[ \

2.5.2 Random Errors

The random érrors in the results of the ZAP program are
due to statistical variations in the number of rays passing
through a particular segment and due to the variation in the
amount of energy deposited by each ray passing through this
segment. The latter variation is due to variations in the
Path length through the segment and variations in the ray

' energy upon entry into the segment. It turns out that the

variation in the number of rays usually contributes to the
largest fraction of the random error.
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The random errot/is displayed in the output as a per-
centage error of one standard deviation. When the number of
rays contributing to a4 segment is less than foLr, *EERE i
printed to indicate the lack of data. Large errors are by
their very nature unreliable as their calculation is based
on unreliable results. An error larger than 20% indicates

unreliable results, where an error below 5% indicates usable

results.

The percentage error is calculated according to the

equation presented below:

> - 4 () -

ERi -
2
where
ERi Percentage error in segmeat i for
one standard deviation
N Total number of rays in the problem
E Energy deposited in segment i by a
ray :
Z E Total energy deposited in segment i

2.6 GEOMETRY

2.6.1 Equations’for a Plane ' \

A plane is defined by the directional cosines of the
normal to the plane and the coordinates of a point that lies
on the plane. An additional piece of information needed in
many of the equations is the distance from the origin to the
plane. The directional cosines of the normal must be such

32
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j
that the normal vector points from the origin to the plane.

The calculation of the d1stance from the

rigin to the plane
\
provides a check on the d1rect1on, since

e distance will be
nfgat1ve if the vector points in the wrong \direction
!

; Define: . \
| | |
*x
1 ;
\ Bk = the directional cosines of the normal
! [ to the plane
4
i
o Yk
"t J
‘:‘I‘! xk {
*. ‘ s
i Yy = the coordinates of a point on the
L -, plane
$
N
|
\‘ .
2.6. ﬁ&l Distance from the Origin to the Plane
\ & = ox * Byt ey
\ oy
: .
\2 6. 1*2 Intersection of a ray with a plane :
? Let
i
\ \ L = distance along the ray to the point
} : of intersection
L
3% ot |
k }" '
| i Bi = directional cosines of the ray
| |
A

33
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| . '
: \ | !

coordinates of the starting point

. Y; =
of the ray
z.
I
ithen \ :
, Lo 0 (o Byt v ) |

ajop Y BBy tvivy [

i

The point of intersection (x,y,z) can then be calculated:

x =-%x. + La.
s B

y =vy; * L8

z =z, + Lyi

2.6.1.3 Normal to the Poiﬂt;of Intersection

In the case of a plane, the normal to the point of
intersection doesfndf requiré-an actual calculation, since
the normal to the plane is the same everywhere and is part

of the def1n1t10? of the plane. Hence:

“an T %
Bn & Sk
Yn = Yk
‘f
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D
| "j\\ ) 2.6.1.4 Position of Point -Relative to Plane
E 1 In determining if a point is inside a given'segment;
' it is necessary to determine on which, s1de of a plane the

point lies. This requires finding the perpend1cu1an distauce
=y from the plane to the point.
. ‘ll b-. /
D= opx; * By; * %y T %
! p! , ~
\\ where N =
N _ |
. f
‘, .
. | /yi = the coordinates of the point
\ ! -

Lt Z5 |
| 5] | '\ |

14 2.6.2 Equations for a Cyllndr1ca1 Surface

- . | A cylind 1ca1 surface is defined by the d1rect1ona1

il " cosines of the cyllnder axis, the coordinates of a point on
. | the axis, and the radius of the cylinder. ’

o ' 1 iy,
L=l - _ Define 1\\ \
3 1 e )
ak ! '
By .+ directional cosines of cylinder axis.

o

= coordinates of a point on the axis.

R ]
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Let

I3

dk = the radius of the cylinder.

.Ax

Ay

4 (\Q

Az

XX

zz

= directional cosines.of the ray.

= coordinates of the starting

¢

2.6.2.1 Intersection of a Ray with acC

of the ray

[}

N
’

t

N

5

i

L

= distance along t
of intersection.

T 0% T BBt vy

agAx + By + ?iAz. .
Y

2 ap8x + B Ay + ?z ‘
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(A2 = ax? s 2?4 a2

L]

(z2) (xx) -Iyy t ‘((yy-zz‘xx)z - (l-xx)z(AAZ-zzz-de)j
L =
(1-xx?)

2.6.2.2 In or Out of a.Cylind'er"Re

To determine if ' a point lies inside a cylinder, it is
necessary to calculate the distance from the point to the
cylinder axis and compare this distance with the cylinder

radius.
¢
Let
D = distance of point from cylinder axis
¥x. k4
i
§
Vs = coordinates of a point ’
z.
Then
Ax g/ xi’xk . | ‘ \r
//v
?z = z5-7 il- ﬁ
ﬁ”3 \Rz = sz + Ay2'+ Azz & (ak&x + Sk&y“é YkLz)Z
. J . I. 5 ) - ‘\ I °
if D> < a? point lies inside cylinder.
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2.6.2.3 Normal

Let

Caiculate

to a Cylindeér \

\

= a point on thc cylinder surface

|

3SR-405

= the directional cosines of the normal
to the cylinder at the point (x,y{z)

Ax = X'xk
8y = y-yy

Az = z-zk

C = akAx + BkAy + ykAz

: Ax-Cak

- Ay-CBg
_ k

Bn =

N Az-Cyk
You & -

ot k
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1 A
A

[

1
|

2.6.3 Equations for a Sphere

A sphere is defined by the co@rdinates of the center
and the radius.

Define:

\

Y = the coordinates of the center of
the sphere

the radius of the sphere

o

\

e . /
o 2.6.3.1 Intersection of a Ray with a Sphere
g o {
i Let |
L = distance along the ray to the point
il of intersection
h ’ a. .
- 5 1 \
B B; = directional cosines of the ray
Yy
X.
= coordinates of the starting point
of the ray
\ —.—— z.

39
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then
Axlz xi-xk
\ by =y;n
Az = z‘i?zk

.? = Axui +|AyBi + Azyi

C=sz-‘*Ay2+A'zz-4§

L--8s Vel

- 2.6.3.2 In or Out of a Sphere

To determine if a point is inside a sphere, one must
calculate the distance from the point to’ the center of the
sphere and compare th%; with the radius. -

Let 4
- 4

D = distance of point from center of sphere

Yi ) = coordinates of the point .

2 - =23 2 2 2 .
» s ) e ()
If .D < di, the point is inside the sphere.
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Figure 2.1 A plane whose normal is not parallel fo any of the
major axis. —

~~

41



P A (g ST S

3SR-405

Figure 2.2 Cylinder whose axis is not parallel to amny of
the major axis.
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2.6.3.3 Normal to a Sphere

LY

Let
x
y = a point on the surface of the sphere
z
%
Bn = the directional cosines of the normal
to the surface at the point (x,y,z)
4
Yn
Calculate

=9
B
g
<
s

i
w
B
It
——
5
<
w
—
>

2.6.4 Equations for a Conié Cylinder

The conic cy11nder is limited to one whose con1c axis
is perpendlcular to the Z axis and- whose- cy11ndr1cal axis 1is
parallel to the Z axis. In this case, only the x y plane,must
be considered 1n,def1n1ng the surface. The conic is def1ned
by the coordinates of thé focus, the directional cosines of
the conic axis, and the coordinates of two -points which lie
on the surface. In addition, the eccentricity and the d1stance'

_fro- the focus to the d1rectr1x are calculated for use in the

 equations. See Figure 2.4.



Figure 2.3 Sphere
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Define
a
k
\
= directional c051nes of the conic
By axis
xk'
= coordinates of the focus
Yk
x; )
N1
; } = coordinates of two points on the
- surface ‘
x
2
v, /
ey = eccentricity
d, = distance from focus to directrix
Eccentricity and Distance from Focus to Directrix

= J.(xka-)z' * (r37 )

| T2 \’("z k) (Yz ")’

1 'k
a, = —
1 r1
g. = yl‘yk
1 "1
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}
o, = 2k
2 T,
| Y,y
: Bz-= 2r k
2
cos 61 =/dka1 + BkB1
cos 02 = aa, * BkBZ 0 \
: . £
e - 17T r'
i {
k T, cos 91 + r, cos 92 \
. f L +
3 5 rlrz(cos o, - cosﬂez)
S T
2.6.4.2 Intersection of a Ray with a Conic Cylindef
: |
X. /
i
Y \ = coordinates of starting point of ray
)
z. , \ r
i a.
Bi = directional cosines of the ray J
Yi
L = distance along the ray to the point of
intersection.
46
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Ax = -X

b

cos O = 1 - y?

X5
i

-~

P

a T ai/cos e
EE = a” Ax + 87 Ay
FF = a Ax + By Ay
\

GG =.a; a” + Bi B”

BB? = ax? + ay?

. 2 .2

H = EE-ef GG(FF + a?)

47
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2.6.4.3 In or Out of a Conic Cylinder

v

To determine if a point (xi, yi) lies inside of a conic
Cylinder it is necessary to calculate the distance from the
focus to the surface in the direction of the point, and the

distance from the focus to the Point and then compare the
two distances.

|

Let

the coordinates of the point

[~
[}

the distance from focus to point

-~
[}

distance from focus to surface

then

Ax = x.-x

w
»
"
= d
<
=)

- k °k

1-ek(ak57’+ Skﬁj)

if D < R, the point is inside the conic.

48
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2.6.4.4 XNormal to a Conic Cylinder

Let

3 = directicnal cosines of the norral
to the surface at the point (x,v,z

then

/]
Pudo
]
[0
]
%
'
%}
w
”

)
o
']
D
1
™
”
[/
Pude
-]
w
'
(1]
[
1]
w

Q
”I
7]
-
=]
o
+
o
”
(2}
[}
V]
(4]
]
0
"‘
1
7‘

™
]
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2.6.5 Equations for a Cone

A right circular half cone whose axis is parallei to
the Z axis is defined by the coordinates of the vertex and
the coordinates of a point on the surface of the cone. If
the point lies above the vertex, the half cone is a cup. If

it lies below the vertex the half cone is a cap (see
Figure 2.5).

Define:
Xy )
Yk = the coordinafes of the vertex
x
*1
Y1 = the coordinates of a point on the
surface
%1
d (21-%)°

L (x5 )+ (yyv)* + (2172 )

°k T %1773

50 &
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Figure 2.5 Cone with axis parallel to

-axis
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2.6.5.1 Intersection of a Ray with a Half Cone

Let .
3
Y = coordinates of the starting point
of a ray
i
S
Bi = directional cosines of a ray
Yi
L = distance along the ray to the point

of intersection.

Then
Ax = xi-xk
Ay = Yi Yk

Az = zi-zk

[ -]
n
Pt
)
au
>
-
”
(o
~N
)
"~
[+]
[N
o>
=
+
w
-
>
-
oy

(]
[}
—
i
]
(=9
|
e
=
t
~N
[}
[="
e
—
>
b
N
<+
=]
-
~N
“enmmpe

]
Y]
1+
[~ -]

]
>
O
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Ke must now choose the smallest positive length that
gives an intersection point in the proper half of the cone.
Let

1]
"

o= (23 * L) (o))

(¢}
[

-7 (2 L) (o)
if e, 1s positive, L, gives an intersection in

the proper half of the cone.

if e is positive, L_ gives an intersection in
the proper half of the cone.

2.6.5.2 In or Out of a Half Cone

To determine if a point (x;, Yi» %;) lies inside of a
half cone, the following procedure is used

Ax = X; - Xy 3
by = y.-y

Az = zi-zk .
EP = Az*ek

FP = AzZ - dk(bxz + Ayz + Azz)

if (FP) (EP) > 0, the point lies inside the Lalf cone.
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2.6.5.3 XNoreal to a Cone

Let
a
n
Bn = the directional cosines of the
normal to the surface at the point
(x,y,z)
Yn
then
Ax = x-xk
Ay = Y‘Yk
Az = z—zk

R = Jdi(mcz + Ayz) + (l-dk)2 az?

Q
h

= d, Ax/R |
n = 93 4y/R

n '(l_dk) 4z/R

™0
"

)
[]

2.6.6 Equations for an Ellipsoid of Revolution

The ellipsoid of revolution must have its axis of
revolution parallel to the Z axis. It is defined by the
coordinates of one of the vertices (xk, Yy zk), the coordinates
of a point on the surface (xl, yl, zl) and the Z coordinate
of the focus (zf) nearest to the vertex chosen. See
Figure 2.6.

54
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xr Yxr %y

Figure 2.6 Ellipsoid of Revolution with axis parzllel to Z

Figure 2.7 Parabcloid of revolution with axis
Z-axis
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Let

zf;zk

A restriction on the choice of the point (xl, Yy» zl) is:
2(21-2y) £-(21-2)% < (x; 7% ) + (i) < (272, )

The pararceters az and b are calculated as follows:

L (%% ) + (v,7)?

SQ = sign:(f) ® J(z*-f)z + h‘z

w2 )
b = (Z.*‘f“‘SQ) /(4‘ ?T)

2 2

at = b2 - (b-£)?

2.6.6.1 Intersection of a Ray with the Surface

Ax = X; Xy
8y = ¥; %)
Lz = zl-zk
cC=1- sz ; Lyz _ (L:-b)z
a
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if BZ-AC < 0, there is no intersection.
Calculate 8

L . B :VBZac

+ A

The intersection of interest is the nininun positive
value of L.

2.6.6.2 In or Out of an Ellipsoid of Revolution

To determine if point (xi,yi,zi) 1s inside of the sur-

face calculate:

o

2 2 . 2
(x> )"+ (vi7y) (zi-7b)
F(ﬁ) =1 - i aZ i _ 1bZ s

if F(P) > 0, the point is inside of the ellipsoid.

2.6.6.3 Normal to the Surface at a Point (x,v,z)

2 2 2
g o [Ex) s o) (=-30p)
‘/ 3 z
a b

The directional cosines of the normal are:

b

vy
!
N
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<

coordinate of the focus. if the focus is above the vertex
the figure is a Cup. If the focus is below the vertex the
figure is a2 cap. See Figure 2.7.

Define:

Xx
yk = the conrdinates of the vertex
2y
zp = the'z coordinate of the focus
\ Ve
f = zZe - zk o
[ i i

2.6.7.1 Intersection of a Ray with a Paréboloid of Revolutinn

Let:

a.
1

8 = «directional Cosines of the ray

58 .




starting point of the ray

]
ude
L]

Then
C-= 4f(zi'zk) :.(xi"‘k)z i (Yi'yk)Z
- B = 2fv; - ai(x;-xk) - B5(y;7y)
N | - A= -(af + 8%

if Bz < Ac there is no intersection

Choose the minimum positive value of L,

2.6.7.2 1In or Out of a Paraboloid of Revolution

P - 4f(251) - (xox ) - (v5)

if F(f) > 0, the point (xi,yi,zi) lies inside.

59
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2.6.7.3 Normal to a Point on the Surface

Let

b ¢

y = a point on the surface ‘

z
a

n
Bn = the directional cosines of the normal
to the surface at the point (x,y,z)
Tn
Calculate

- X—Xk
an R
i
Y'yk
By = R
-2f
Yn R

/ v

2.6.8 Equations for a Hyperboloid of Revﬁiﬁtion

A hyperboloid of revolution whose axis is parallel to
the Z axis is defined by the coordinates of the vertex of the
sheet of interest (xk,yk,zk), the Z coordinate of the focus
of the sheet of interest (zf) and the_coordinates of a point
on the surface of either sheet (xl,yl,zl). See Figure 2.8.

~—
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Figure 2.8 Hyperboloid of Revolution
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Let
o
A restriction on the choice of the point (xl,yl,zl) is:
2 2
(z)2) <(x-x )0 - (y1vi)

The parameters az and b are calculated as follows:

W - (xl'xk)z * (Y1’Yk)z

SQ = Sign (z%) * Y (2%-£)2 + 42
2
b= (2% + f+SQb/(E;? . 4)
a2 = e£)? - B2

2.6.8.1 Intersection of a Ray with the Surface

Ax = xi-xk
Ay '[ Yi')'k

Az = zi-zk

C=-1-

Ax2+Ay2 . jg;+b)z
Z 5,408
a ‘b

B = Iléi%hl - Eéi%ééz é
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if BZ-AC < 0 there is nc intersection.

Calculate

L - B2 Bl ic

A

1+

The intersection of interest is the minimum positive
value of L, that will give an intersection on the desir-d
sheet.

2.6.8.2 In or Out of a Hyperboloid of Revolution

To determine if point (xi,yi,zi) is inside of the sur-
face, calculate:

. 2,2 2
F(P) = -1 - AX ;A)’ . (AZ+12>)
a b
If P(F) > 0 and Az*f > 0, the point is inside.

2.6.8.3 Normal to a Point on the Surface

Let

s
X

y = a point on the surface

z

L
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a
n
Bn = the directional cosines of the normal
to the surface at the point (x,y,z)
Yn

Calculate

R = wﬁxz*‘ﬁﬁ . (bz+b)?
4 4
a b

2.6.9 Equations for a Helix

A helix whose main axis is parallel to the Z axis is
defined by

*h
= coordinates of a point on the axis
Yh of the helix
zp = Point on the helical wire in the
positive x direction from the axis
of the helix
K = Parameter defining the distance
between successive coils (D)
D = |2rx| if x < 0, coil is left-
handed.
- B
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radius from axis to helical wire

p

radius of the helical tube.

a

The equations used are quite voluminous. They are derived

and presented in Appendix A.1l.
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3. INPUT - OUTPUT

3.1 SETUP CONSIDERATIONS

The use of any large generalized computer program re-
quires a certain amount of knowledge of how the program works
and requires a learning process the same as with a piece of
complicated machinery. The more genefal a program is, the
more understanding and. experience is required to effectively
make use of it. The ZAP code is no exception in this respect.

In particular, a thorough understanding of the mother-
daughter relationship and its consequences is very inportanty
since this js the basis of the ZAP technique. To try to set
up complicated geometries without this understanding will
invariably resalt in boundaries existing in areas where they
are not supposed to exist. To cut off the extension of a
Plane for example, requires that the area where the plane
actually exists be enclosed in a Mother segment. Then the
Plane will not extend outside that Mother segment.

Unfortunately, with Monte Carlo techniques gross errors
can occur in the setup of a problem without causing any |
indication that these errors exist. Boundaries may exist in
areas where they are not intended without ever being obvious
in the results. Therefore, extreme care and thought should
be put into the setup of a problem. To help spot a bad setup,
test data points and geometry plots have been included in the
program.

The bad effects of boundaries extending into areas

e

where they do not belong has perhaps been over emphasized in
the above paragraphs. Regardless of the type c boundary
under consideration, it is treated as a dummy boundary and
has no ill effects if the same material exists on each side
of the boundary. Conversely, it must be kept in mind that
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if the same material or two different materials with the same
index of refraction are separated by a boundary, that boundary
will be treated as a dummy regardless of how it is defined.

It is highly recommended that anyone Planning extensive
use of the ZAP program should become as familiar as is
pPossible with the inner workings of the code.

3.1.1 Miscellaneous Rules

1. Planes must not Pass through the origin
(0,0,0).

2. Each Mother Segment must also exist as a
daughter segment (except for the overall
Mother segment). |

3. The overall Mother Segment must be segment
1.

4. Each Mother Segment must have at least one
daughter.

5. A Mother Ségment must completely contain
each of its daughters. Conversely a
daughter must be completely contained by
its Mother.

6. Different materials that are to be separated
by a real boundary must not have the same
refractive index.

7. Planes defined for geometry plots must not
coincide with. a real Plane in the geometric
system.

8. A segment must be "totallz" confined by its
confining boundaries . For example, an open
ended cylinder does not qualify as 3 seg-
ment.
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9. Any rectangular area to be Plotted must lije
completely within the overall Mother segment.

3.1.2 VUser Routines

to the functions desired.

3.1.2.1 Wavelength Dependent Absorption Coefficients

In a multifrequency problem the user must provide a
subroutine or subroutines that Calculate and store the absorp-
tion coefficients as a function of wavelength and material
number. The name of the subroutine for each material ijs given
" on the material data card and must be of the form:

ABSX
where X is a number from 1' to 9.
The argument 1list for the subroutine is:

SUBROUTINE ABSX(XLAM,FHAX,TSTG,H)

where

XLAM = name of the array that contains
frequencies.

FMAX = the number of frequencies (integer).
ISTG = storage area for absorption coeffi-
Cients from F=1 to F=FMAX.

M = material number.

This subroutine must determine and store the absorption
coefficients for material M into the array TSTG(F), F-1,FMAX.
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One subroutine may be provided for each material or
the same subroutine may be used for different materials.

3.1.2.2 Wavelength Dependent Intensities

In a multifrequency run, the ray intensity may vary
with wavelength. Therefore a subroutine to provide intensity
as a function of wavelength must be provided. The name of
the subroutine to be used for each lamp type is-given on the
lamp data card and will be 6F the form:

] INTENX
where X is an integer from 1 to 9.
The argument list is:

SUBROUTINEAINTENX(XLAM,FMAX,TSTG,LAMXO)

where:

XLAM

name of the frequency array

:

the number of frequencies (integer)

TSTG = ‘an array to store intensity as a
function of wavelength for lamp
number L.MNO

LAMNO = lamp number.

This subroutine must determine and store ray intensi-
ties for lamp number LAMNO into the array: %
TSTG(F),F=1,FMAX \

One subroutine may be provided for each lamp number,
or the same routine may be used for different lamp numbers.

"
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3.1.2.3 Surface Source Distribution‘

When a surface source is used, a subroutine must be
provided that will give the angles used to calculate the
directional cosines for a given ray. The name of this routine
is given on the lamp data card and must be of the form:

. ANGLEX

where X is a number from 1 to 9.

The argument list for the subroutine is:

SUBROUTINE .ANGLEX (TH, PHI)
where
TH = an angle (8) with the normal to the
surface.
PHI = an angle (‘) in the plane perpendicular

to the normal.

This routine must provide waiues for 0 .and ¢ where:

0 <0 < x/2

0<¢ <2

The routine is called each tine;gnnew ray is created ¢
and should provide values of 9 and ¢ that correspond to some

desired probability distribution.

An example would be to provfae a Lambertion distribu-
tion. In this case the subrouting would generate a random ¢
and a random cos2 6. From cos2 6, 6 would then be found.

70
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3.1.2.4 Wavelength Dependent Fraction of Reflection

When the fraction of 2 ray's intensity to be reflected
is dependent on the wavelength, a subroutipe must be provided
to give the fraction for each wavelength. The name of the
subroutine must be of the form:

REFLXX

where\XX is the reflection number of the boundary.
There are two Separate cases that may be considered.
1. Fraction dependent on wavelength only

2. Fraction dependent on wavelength and
angle of incidence.

" In case 1 the argument list is:

SUBROUTIXEAREFLXX(XLAM,FMAX,TSTG,DUM)

where
XLAM = pape of Wavelength\array
FMAX = pumber of ;ﬁvélengﬁﬁs (integer)
TSTG = array for storing fractions of

reflection

DUM = dumhy argument. P

In this case the routine is called at the'beginning of

the problem and the information is stored for later use. The

_-TSTG(F) ,F=1,FMAX.
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3 fos,
| In case 2 the argument list is:

J

/
SUBROQTINEQREFLXX(XLAM,FMAX,TSTG,COSGAH)
where

XLAM = name of wavelength array

f .
//FMAX = number of wavelengths (integer)
ISTG = array for storing fractions

COSGAM

-~

the cos of the angle of incidence.

In this case the subroutine is called when an inter-
'section occurs and must calculate the fraction to be/reflerted
for each wav: :1ength for the part;;ular angle of incidence
indicated. These fractions are then stored into the array

TSTG(F) ,F=1,FMAX

3.2 INPUT

m%»@:“\ ©  Input to the ZAP code is in the form of data cards.

N Spa;;al keypunch forms have been designed for each of. the
\various typeS'bﬁ 1nput cards, with the exception of the
general 1nput whlch ﬁsgs a standard FORTRAN data sheet.

e — e _

The entrles use a conblnatlon of integer) real and

alphanumeric formats. In the case nf real and integer 1nput Ve

either a blank or zero may be entefed if the number is zer04

All directional cosines enﬁered are checked by thé
code and the sum of the squares of the three directional
(c051nes must be within the range of 1.0 + 10 —3 If they are
' not, the program will terminate execution with a debug print.

Care must be taken that no Plane passes through the
origin. If this happens, the program will terminate ¢iecu-
tion. /

q
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N
Card #2
En ‘ |
t .
%!h';:} - Descriptiqn _ Pornat  Columns;
1) | FRAC = Base fraction. When a_ray E12.4 | 1-12

intensity drops below this fraction
- J of its initial intensity,_Russian

Roulette is Played. Default number
= .§

2) DZ = Distance along Z axis between £12.4 | 13-24
Planes of continuity. If o Plzues

of continuity exist,/ﬁyis numbey is
ignored.

3) WAVMIN = Rinimum yégélength. (May E12.4 25-36
~ be omitted for/;ingle wavelength.)

4) | WAVMAX = maximum wavelength. If E12.4 | 37-48
there is only one wavelength, this
- nDumber js ignored.
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Card #3
Entry
Number Description Format Columns
1) | FMAX = XNumber of wavelengths I6 1-6
/'2) IOPRNT = Option for pPrinting each I6 7-12
— | ray created.
0 = no
1l = yes
3) |IDEBUG = Option for debug prints. 16 13-18
0 = no ' '
1 = yes~
4) IR = starting random integer. I16 19-34

Default = 1.

No blank card following general input cards.
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3.2.2 Reflection Data

3SR-405

/

'Po; each special reflection a reflection data card must
be provided. The reflection number must b® greater than ten,

since reflection numbers 1-10 are reserved for built-in

reflection types.

'Entry

CONST. = Constant reflection (frac-
tion reflected will be input).

FUNCT. = Function of the form: frac-
tion reflected = 1.0-A(cos 0)? where

A is input and cos 0 is he angle
made by the impending ra
normal to the surface.

TABLE. = An input table of
tions uhieyaindicate the unt
reflected for different gles with
the normal. Angles are from 0° to
90° in 10° intervals.

DIFFUS = Diffuse reflection. Frac-
tion to be reflected is input.

NAVCAL = Reflection dependent on
wavelength. The fractionJof each
wavelength to be reflected is calcu-
as a function of the wavelength and

ten frac-

the angle of incidence. A subroutine

REFLXX must be provided where XX is
the reflection number. Example,
reflection number 12 means that the
subroutine is REFL12. (See section
on User Subroutines for details.)

WAVINP = Reflection dependent on
wavelength only. A subroutine _
named REFLXX must be provided where
XX is the reflection number. This
subroutine is called immediately at
the time this card is read, and fills
an array with wavelength dependent
fractions of reflection‘;o be used
later. (See section on

75

ser Subroutines.)

Number Description Forlat Columns
1) | Reflection number (greater than Integer] 2-4
ten).
2) | Reflection type (left justified). Alpha 6-11




3)

4-12

uFor CONST load fraction to be re-

flected.
For FUNCT load value for A.

For DIFFUS load fraction to be
reflected.

For TABLE load fraction for 0°,
For WAVCAL or WAVINP this entry is -
ignored.

For TABLE load fractions to be re-
flected for angles 10°-9¢°. Blanks
for other reflection types.

Y AU VD S AR AR N S 2 e

Real

Real

13-17

19-71

A blank card must follow the last reflection data.card.
If no reflection data was loaded, the blank is still required.

3.2.3 Material Data

For each material a material data card must be pro-

}

vided.
Entry
. Number Description Format | Columns
1) Material number Integer| 2-4
2) Name of routine to generate absorp- '
tion coefficients as a function of Alpha 6-11
wavelength. - (See section on User
Routines). If this is a single
wavelength run, this entry is
ignored. .
3) Absorption coefficient (length™l) | Real | 13-13
If an input routine was specified
above, this number is ignored.
4) Refractive index (must be non-zero)| Real 20-25
5) Lazing wavelength (for multiple Real 27-32
wavelength runs only). This is an
optional inpgt value.
6) 39 character description to be
printed Alpha | 34-72

A blank card must follow the last Mmaterial data card.
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3.2.4 Boundary Data

3SR-405

For each boundary a boundary data card must be provided.

The form of the data on the card depend: on the geometry type.

Entry

Number Description Format | Columns
1) Boundary number Integer| 2-4
2) Reflection number Integer| 6-8

3)

~F1-50 gg

1 = total transmission, no
refraction

2 = total reflection. May or may
not represent boundary of

symmetry.

3 = Fresnel's reflection for dielec

trics. _
4 = Top boundary of continuity.
5 = Bottom -boundary of continuity.

6-10

Reserved for further built-in

reflection types.

Geomet

ecial reflection types defin-

on reflection data sheet.

rj type (left justified in

columns provided on data sheet).

CYLI
P by
CONIC..
SPHE

CONE,. .

PA -

/
!

|
HYPERB

ELLIPS.

PUppmE———

HELIX

Ccylinder
plane
conic
sphere

half-cone with axis par-
allel to Z axis

paraboloid of revolution
with axis parallel to Z
axis. i

hyperboloid of revolution
with axis parallel to the
Z axis.

ellipsoid of revolution

whose axis is parallel to
the Z axis.

helical tube with axis par

Alpha [10-15

allel to the 2 axis
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Boundary Data (continued)
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Entry
Number Description Format | Columns
4-11) Parameters for the particular geometry Real
type being described:
PLANE:
Directional cosines for the nor
4) ul mal to the plane. Normal must 17-22
5)-8! point from origin toward plane. 24-29
6) vJ ; 31-36
7) X) Coordinates of a point on the 38-43
8) Y; plane. \ - 45-50
L 9) z 52-57
0-11)--Not used' -
CYLIND:
4) a) Directional cosines for cylin- 17-22
5) B} drical axis. 24-29
6) v : 31-36
7) X) Coordinates of a point on the 38-43
8) Y¢ cylindrical axis.. 45-50
. 9) Z 52-57
10) R =Radius of cylinder 59-64
11) -- Not used ‘
CONIC =
) a’Directional cosines for axis. 17-22
5) B 24-29
6) Xe¢|Coordinates of focus. 31-36
7) Yol ) 38-43
8) X))Coordinates of two points on 45-50
9) Y:{the conic surface. These two 52-57
10) X,{points must not be symmetrical 59-64
11) Y./with respect to the axis. 66-71
PHERE : '
4) X 17-22
5) YZ Coordinates of center of sphere g::gg
6) Z. 33-43

7) R = Radius of sphere

9-11) Not used
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Boundary Data (continued)
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Entry
Number Description Format | Columns
COXNE :
4) X 17-22
v 3 24-29
5) Y, } Coordinates of the vertex 31-36
6) Zv
7) X ) Coordinates of a point on the 38-43
8) Y } surface of the half-cone to 45-50
9) 2z be considered. 52-57
0-11)-- Not used.
PARAB:
4) Xv 17-22
5) Yv! Coordirates of the vertex 24-29
6) Z, | 31-36
7) Zf = Z coordinate of the focus
HYPERB:
4)'xv 17-22
5) Y&,‘Coordinates of vertex for 24-29
6) zZ, sheet to be considered. 31-36
,_______—_1}—X—~Tcoordinates of' a point on the 38-43
8) Y surface. This point may be 45-50
9) 2z ’on either sheet. 52-57
10) Zf = Z coordinate of focus for 59-64
sheet to be considered.
11) --  Not used.
ELLiPS:
17-22
4) xv _
5) Y, ; Coordinates of vertex \ 24-29
: , 31-36
6) Zv )
\ 7) X ) Coordinates of a point on the ig:gg
8) Y ‘ surface of the ellipsoid. 52-57

9) z
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. )
Boundary Data (continued)
Entl‘y x.
Number Description Format Colunmns
ELLIPS (continued)
10) Zf = Z-coordinate of the focus 59-64
) nearest the chosen vertex.
11) -- Not used.
Restriction:
A<B<cC
vhere '
2
A = 2(z-zv)(zf-zv) - (Z-Zv)
2 2
B = (X-X,)° + (Y-Y,)
C = 4(Zf-Zv)(Z-Zv)
HELIX
4) Ih Coordinates of a point on the | - 17-22
5) v, ( helical axis. The nearest : 24-29
point on the helical wire is 31-36

6) Zh assumed to be in the positive
» X direction from this point.

7) x = Parameter associated with dis- 38-43
| tance between consecutive
' coils. D = 2wxk. If k<0, coil
is lefthanded.

8) p = radius from axis to helical ) 45-50
wire.
9) a = radius of tube. ' 52-57

0=11) Not used.
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3.2.5

Segment Data

3SR-405

For each segment, a segment data card must be provided.

Entry
Number Description Format Colunmns
- 1) Segment number Integer 2-4
4 i
Z) Material number Integer] 6-8
.3-13) .Boundary numbers indicating the con- | Integer|10-63
fining boundaries of the segment. A
positive ‘oundary number indicates
the origin side of a plane or inside
of other geometries. A negative
boundary indicates the non-origin
side of a plane, or the outside of .
other geometries.
. 14) Segment volume (if known). Real 65-71

3.2.6

A blank card must follow the last segment data card.

Structure Data

-

For each mother-daughter relationship, a structu}e daté
card must be provided. '

7

| Entry
Number - Description Format Columns
1) Mother segment { Integer | 2-4
2-18) Daughter segmgﬁ{s Inteéer 6-68

N

A b}ank card must follow the last.structure daté card.
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3.2.7

Lamp Data .
For each lamp type a lamp data card must be loaded. f

)

AN

. o
BT = T
4

3SR-405

This data describes primarily the method to be used for creat-
ing rays. Hany d1fferent sources may refer to the same lamp

type.

§

Entry
Number

Description

Format

Colunmns

1)
2)

3)

4)

5)

fVOLUHE volume source

. INNSUR

'Na-e of routine to be used for calcu-

Lamp number

I

Lamp type (left Just1f1ed)

2

cylindrical <urface source
-+ Wwith rays directed outward
from the surface.

OUTSUR

cylindrical surface source
with rays directed inward
from the surface.

directional cosines and
starting coordinates are in-
put for each ray.

RAYINP

Name of routine to_be.u d for gener-
ating intensity as a fuzﬁ?fbﬁ of
wavelength. This routine will have a
name INTENX where X is a number from
1 to 9 (see user routines) and must
be provided by-the user. If this is
a single wavelength rurn, this entry
is 1gnored

lating the angle with the normal for
rays created if this is a surface
source. If not a surface source this
entry is ignored. See user routines
for descr1pt1on of this rout1ne.

Intensity of rays if this is a single
wavelength run. If multiple wave-

Integer

Alpha

Alpha

Alpha

Real

length, this entry is ignored.

2-4
6-11

13-18

20-25

27-37

A blank card must follow the last Laip Data card.
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3.2.8

Source Data

3SR-405

A source data card must be provided for each source in

- -"the problen.

Parameters which depend on the particu
lar lamp type designated. ' :

VOLUME :
5) XMIN
6) XMAX Minimum and maximum
7) YMIN Values of X,Y and Z
8) YMAX which describe 2
9) IMIN rectangle within which
10) ZMAX the source segment is con-

taincd.

INNSUR or OUTSUR:

5-8) Blank
9) ZMIN Minimum and maximum values
10) ZMAX of 2 for Creating rays.

RAYINP:

Entry ‘
Number Description ' Format | Columns
1) Source number ' P _/ Integer| 2-4
2) Segnent_nunbe/.or oundary number of Integer| 6-8
source. If the 1 type designated
{1s for a vol source, load a segment
number. If the lamp type designated
is for a surface source, load a boun-
dary number.
'3) |Lamp number - refers to a lamp Integer| 10-12
data card. :
4) |Number of rays for this source. | Integer| 14-17
5-10) Real

Entries 5-10) are ignored.

For RAYINP, this card is izmediately
data cards for the number of rays specified

A blank card mus+
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3.2.9 Raz Data

If rays are to be input individually, one data card
must be input for each ray to be created.. Use source data
sheets.

Entry | : - _

Number | . Description Format | Columns

1-4) Blank
5) |a 19-25
6) g » Directional cosines Qf ray " - 1Real 27-33
7) Y —— -] 35-41
8) |Xx 43-49
9) b § Starting“pgint of ray Real 51-57
10) |z - ‘ 59-65

<
3.2.10 Test Data \\\ e .

Test data cards are used to tesf“tﬁé'génpetrical setup
for errors. This consists of referepcing a segléﬁt number
and indicating that a specified point lies éither in§ide or
outside of the Segment. The point is then tested to see if
it does lie on the PToper side of the segiént. As many sets
of test data as desired may be loaded. /
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Entry

| Number

Description

Format

Coluﬁns

1)

2)

3)
4)
5)

JTEST

I0p

I0P

I0P

»;

- inside segment.

if JTEST>0, point should 1li
If JTEST<0
point should lie outside of

segment.
/

Optioﬁ for te#ting te see i
point lies within the confin-

Segment nulbe; to be tested#

or to see if the poiant lies
within this segment rather
than some other segment. l

0, Test segment boundaries |
only .

ing boundaries of the segne?t,

1, Determine which segment conf

tains the point and determinhe
if it is the desired segment.

&

Coordinates of the test point

'Integer

Integer

Real
Real
Real

1-6

7-12

13-24
25-36
37-48
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3.2.11 Plot Data

Each plot data card indicatgs a rectangular area within
a plane that slices through the system.
any desired orientation.

- This plane may be at
The geometric boundaries sliced by

the plane within the rectangular area are them plotted. The
only restriction is that the rectangular area must be com-
\pletely contained within the overall mother region (Region #1).
‘This is no real restriction since the overall mother region
may be made as large as desired without affecting the speed

or accuracy of the progranm.

\

Entry ‘
Number Description Format C?%u-ns
r
1) Xg ) Coordinates of the point to be Real 1:8
2 Y used for the lower left-hand Real 9-16
2) 0 cornexr of the pl#tting area.
3) Z, ‘ T Real 17-24
4) X Coordinates of the point to be Real 25-32
1 ,
5) Y used for the lower right-hand Real 33-40
1 { corner of the plotting area.
6) z, ). Real 41-48
7) Ii Coordinates of a point that lies | Real 49-56
8) Y! somewhere along the top lipe of Real | 57-64
2 the plotting area.
- 9) &3 / ' o ‘Real— | 65-72

A ﬁiini cafd nugt follow thé lagt of the plot data cards.




3.3 ' OUTPUT

/ Output from the ZAP code con51sts of printer plots of
various cuts, through the geometry and printed summaries of

the energy depos1t1// for each segment and for e?ch material.

Under the heading SEGMENT RESULTS the fol

owing quan-

t1t1es are printed for each seg-ent'

1.

NoE
/] 2.

Mother seglent number = mother of the segment \
being considered.

Segment' number.

Material number in segment.

i 3. _
4. Total Energy = Sum of energy deposited in
segment.
L e .
‘ 5. Scaled Energy = Sum of energy scaled by lasing
[]“ wavelength.
) \ : 6. Energy per unit volume.. | JINE é?fkwmmn‘buh
U \ ¢ wmrime o Lo PoTcont—tetal- energy "t Thé percent of the \
‘ X
= : total energy in the system that is in this |
P segment.
\ . !
' 8. Percent error = probable statistical percent
. ©ITOr. (See Section 2.5.2)
9. Number of legs = actual number of ray legs
traced through segment.
10. Number of rays = number of different rays ’

traced through Segment, even though each
ray may have had several legs passing
through the segnent
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tities

it

Under the heading MATE

dare

1.

3SR-405

printed:

Total absorbed encrgy = sum of segment ener-|
gies. ;

i
Total source eénergy - sum of initial ray in-

tensities. 7
Total number of rays.
. i

Final random integer = Random integer that
could be used to continue the, run without
changing the random number sequence.

each material the following quantities are print-

1

Material number

Material volume = sum of volumes of seg-
ments caq;aining material.

Total energy = sum of energies of segments
containing material. '

Scaled energy = sum of scaled segment ener-
gies for material.

\
Energy per unit volume.

Percen;vgf\total energy = The percent of
the total energy in the system that is in
this material.

Percent error = Probable statistical percent
error. (See Section 2.5.2)

Number of rays = number of -different rays
that passed through the material.

88
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3.4 SAMPLE PROBLEM #}

' - '.The first sample problem consists of a cylindrical lamp
and a c¢ylindrical laser rod éncased in an-elliptic laser

cavity “(Fig. 3.1). The area of intcrest is chosen to be in

the body of the system so that end conditions are ignored. In
this case each end is considered to be a boundary of symmetry

. (a simple boundary of total ref’action).

A single wavelength is considered and parameters such
as absorption coefficients and refractive indices are not
intended to be pdysically real but were chosen arbitrarily

~ for demonstration purposes.

The laser system is encased in a 20 cm sphere that is
considered to be the overall Mother segment (segment #1). The
area inside the cavity was chosen to be segment #2 and is a
mother containing two daughters.| These daughters are respec-
tively, segment £3 which is the ylindrical lamp and segment
#4 which is the cylindrical laser rod. The laser rod is a
mother and has daughters #5 and #¢ which are simply the front
and back half of the laser rod. ote that the area of
Segment #4 is completely filled by| segments #5 and #6 so that
segment #4 has no actual volume ofé}ts'own.

The material outside of the avity is chosen to be
material #1, the air in;ide the cavity is material 22, the
lamp is composed of material 3 and the laser rod consists of
material #4. These material numbers appear in their proper
place% in the printer plots (3.2 thr ugh 3.6).

Boundary £1 is the sphere encasing the system. Boun-
dary #2 is the elliptic cylinder that represents the cavity
wall and is chosen to be a boundary of constant reflection
with 90% reflection and 10% transmission. Boundaries #3 and

\\#4 arm'cylinderS\@efining the lamp and laser rod respectively

\ | "
\
.
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and allow Fresnel's reflection.

The lamp (segment #3) jis , volume source that emits
rays with an intensity 7f 1.0.
i

Only 100 rays were emitted for
this sample run.

A listing of the input cards

used and a listing of the
results are given below. '

]

96




[

SAYOLE PR0217m YN~y

.S .G 1.C
11 Cresy e
1 1ICTC.C 2.7
2 o1 e
X 1 J.<
8 .‘ \l.’ E.'
1 2 sourqr g o LS
2 11 €097 3.~ ielg
3 3 evLInD cor e.3
S 3¢cnI c.o €.C
S 2eiwE 0.9 4o
€ 2 rarc p.n c.c/
7 1 eLane 1.6, @o.r
1T 1 1 -
2 2 2 -5 &
.3 3 3 -5 €
a g s -5 &
S a L 7 -c <
€ « . -7 = 3
1. 2
2 3 g -
a = .,‘\
1 veLuws 1.0
1 3 1 10 -a.c -2.0C
1 1-5.p c.C
2 1C.0 c.C
3 1-3.< C.C
& 1.8 C.0
2 CG.C G.C
-S.1 -3.1 3.6 S.1
-s.l c.s S S.l
c.0 -3.1 3.0 S.1
=S.1 ~3.1 3.C CeC
’5-] ~3e1 3.0 5.]
//-

o

\

INPUT /DATA

/

/

/
f
CeT

]

Lol 1 % 120t p CYSTEw
LU i
Lare ,
LASED Jan
. 2c.0
il 1S C.% -3 8 Cc.0
1.7 °!.E T C.C
1.6 3.5 G.C C.0
1.C C.n C.n 1.C
1.C¢ C.C c.r £.9
C.0 3.0 0.0 6.C
~1.0 1.7 1.C
‘.s
3.cC
r.r
3.C
.t
=31 3.C -5.1
C.C -5 -%e1
“Z2.1 3.C C.E
~3.1 3. -5.1
-,.l 3.6 '5.]
97

Cel LT
1.C
1.C
|
5.0
3.1 3.0
c.0 5.5
3.1 T.0
3.1 3.0
C.C 3.C




e e — e

=
— 1 ) B N {
. w : N u3evy 000000°% 0000041y 000001 "
vy 000000 .000008°] 000001 ¢ -
TR 000000° " 0000000 000001 ?
- ! RIL8A8 GunowY Yy 3y cooodoe 0000003 000000000 1
T HiON3VIAYY x3ant LHIEIFTITYY INLINOW  ydewnAN
| NOlidiudede NIEYY Ldvuaay X0liduotav LT Wiwdive
_ . Ve Wviuasvy
3 .
N 4 - . ’
. - i
0000 oo00* eo00oe tecoe Oo00* LT oo00* oot co00 000s°? TLTH 1 '
i . ) " L]
dal CCIVEERTETY
viv0 NOLLD3Y424 ]
T R g -
1 - -
~
\. ~ . \
j ¢ o T T eNISIUNT WOONWW ONILuvas .
i ‘. ° *NOILd0 iNlyd DABYO
Wit .0 LY iNlud avy
i N ) \ t SOHLIONITIAYA 40 NaENAN :
T 0000°  SWiBNIYIAWE WANIRYM o
_ . 1000001 SHIONIVIAPY WAWINIW
oogee SRITLYONNOD JalilANIiNG)Y NIIsi38 3ONVigi
00e0008°  eNOIidVMy 3iidVn0N -
: ' . - 1=N3UNAN WIYB0Ue 3V4uve
I
‘ ) dYE Wod LNgnt TvyINDY o
siL1nsay -
*
! i % : :
et - _ — ot LY R T -y L \\',h — —



000030+ 0 0
000000+ 0 o
) 0n00J0s o 6
000000° o o
000000* 0 e
000000° ° e
WAT0A
000+¢ 2
00+
000st
00041
) 00041
00s*  O8Z°F  000°C 000  000¢
00cor
1} .’e € e n
—~ _
. ,/..// .
e

L [ ] []
» ¢ [
7 [ § 1
ININDIS
QININD I NYLHONAYE WINEON
vivl JNNLINNLS
£
0 (-] 0 . (-] 0 ’ 1= » 3 ’
-] - (-] 0 -] L} L ) » » .
0 [} -] 0 [} -] [ » [} »
[} -] -] -] -] -] (] ¢ ¢ [ 4
0 - -] -] ] 0 ’ t 4 [
0 0 ] (-] ] 0 -0 1 1 (-
YINAN ¥IAN
- SITUYONNOS ENINTINOD TYINdIYN INIHDIS
YiVO INIWNIY .
\ -2
G ’
\
\
¥
: , | ) .
006 000+ 000°¢  000° 005* 00t  INV | I -
000+t 000" 000 000! -I-I. I Qe INYI¢ ] L
0001 GO00* 000 0g0°*t 000 00° NV 2 [ |
\ qo0C* 000° 000°¢ 000°! 0C0 00°¢ UNITAY ¢ »
/ 000 000 000+t~ 000! 000* . goO* ONITAYD ¢ <
000 e 000 000°he 000" 00t 1IN0, 1Y t
000 000 000 _ WINGY ¢ 1
" :  PTYY INAN  SNNN g
n 2 A X YHHYD VL3 YHdTY  ONADE 943N ONNOY
YivQ AWYONROS .
SLTNSHY




10¢GQ00¢" 0030 0000 9 e
10e000¢¢ Qo00° 1Ge008¢ . ’
_ > 10eg00¢ 0000 18e004¢ 1 $
10e000¢" 0000 go00* ! :
1000049 0003 16040008 ! !
3 A L NOLLZ0 iN3unlde

B vive e ‘

1

800+¢ 00000 ” 00000+ 00000 e 000004 ge G0000¢ne eo0! ! ) ¢ . t
—_ AV 40 yIewnN ¥INNAN ¥I8WAN

\ HIOMAN
Vive 3dunee dluidkode ¥INAN dNYY AUYONNDS  INJWDIS unoe

,\ . vive 3dunoe

100

= ) 1000001 : IWNAT0A ]
- 3y . wz.;o- INLiNQy 144 NIQWAN
' ALISNIINY Ny ALTBNIIND dhy nv
Yiva ¢duvy
i s S11nsay

T R
et



AT |

Nia®

101

Rdiaiai s TP

9] eoge 11111 0000 _ _  goenspes 10edCtee 0000+ "
oot 2604, fGasly 0000¢ 0000 20eC900s . cooo ¢
13 TTRI 1] Qescie 0000+ 0000+ 20e890¢¢ 0000° H
. eCrogn 4093 0000s 0000 100198 0000* !
SAvy 40 oMY ADNIND Yv,04 JWAN0A Linp AQNINY ARYIND INA0A ¥IBRAN
" T 1M30y2¢ 40 IN1JyAd V3d ADWINY 03vvdy 40} Wisdivy ItV
3 CONCCCREER » WIDIINT WOONYY NS
[-1-1] ‘s QAN 40 ¥IEWNN AL FYTY
20400001 » 40NIND 2D4N0S Tvio.
. 10e4204° os.:nzn.onnconnq Tvi0}
QWNBIN Wivdive
. ]
. . - ~ / o _ -
tn ot weree 2094t 0000+ LLITINY O t0esiante » ’
ot n Geetee 1eest oooo¢ 00es0cee 10044910 ", ]
. [ ]
0 0 sesene ooo* o000 0000* 0000 " Y
001 nes " 0000+ 0000+ 20eC000s ¢ | S i
- ot 16t cenvoR G000 0000*  poegvete g ) =
. 1
AN 0w ADVANY INAYOA : "ETTLT
0 © 40 'T1T wiol 4INA N3¢ ARUINY ARWIND VIRWAN VIOWAN INIWD2E
VIOHAN  wIENAN  IN3INAe INDDNDY AN 037vde wiol IVEWIAYH  ININODS  yIWiOW
LIRLT YT AT
S1InsSay
~
\




{ \L | | ; - 3SR-405

s

/ . //! . i . ..‘
3.5 SAMPLE PROBLEM #2 g

3.5.1 Introduction/ ' R \

In order t;VEe-onstrate the actual use of ZAP, the
simple laser‘systei shown in Figure 3.7 will be analyzed. 1In
< this laser, a spherical metal reflector contains a Xenon '
flashlamp and a neodyniun—doped glass laser rod; the lamp and
rod are held at their ends by cylindrical holders.. When the
lamp is pulsed, power is produced throughout the volume of
Xenon; the amount produced depends on wavelength. The powér
travels through the plasma to the wall of the lamp (some is
absorbed on the way),'}efracts through the wall, and enters
‘the reflector volume. There the power bounces off the walls
[ and other surfaces, travels through the glass Iaser rod and
reflector surfaces. We are interested in the fractions of

l the ipitial pdwer which end up in the rod, lamp, and walls,
and also in the power distribution in the laser rod.

3.5.2 Initial Analysis of the Geometry

|
We can use the Symmetry of the laser assembly to improve

[ the statistics of our results, by putting perfectly reflecting
Planes in the two planes of symmetry (see Figure 3.7). This

l_ in effect givéﬁ four times as Rany rays per unit of run time
(we could get the same result without the planes and their

l time-losing reflection by adding together the depositions in
symmetrically equivalent volumes, but the Computer time lost

[ to the reflections is cheap compared to the human time gained I
in not adding 'numbers). The introduction of the symmetry
Planes reduces the problem to a quadrant of a sphere, as shown
in Figure 3.8. |The decomposition of the quadrant into
successive mother and daughter segments is also shown in

_ Figure 3.8. (The rod is divided into eight segiegts of
essentially equal volume so that the energy distribution in

N
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Figure 3.8

[
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The decomposition of the laser assembly for ZAP
input. Boundaries (indicated by numbers starting
with B) are chosen so that all needed segments
(indicated by numbers starting with S) can de out-
lined. The mother-daughter relationships are :
shown by arrows pointing from mother to daughter(s);
or by inclusion in the mother. The laser rod is
segmented so that the energy deposition pattern s
can be found. ' '
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it may be found.) -Ti;\deco-position proceeds in a“straight-

forward way from the all-enclosing segment 1 through smaller
and s-aller segments, always keeping the nunber of daughters

small at each level. In fact, the number of. daughters per

level may be unnecessarlly small - a co-parlson run with more

daughters per mother in the red gave essentially identical

run times.

Oncc the -other—daughter deco-p051t1on of the
geometry is decided, the preparation. of the 1nput\l§ easy
(if tedious). \

X . y

Ed

¥
et

\ “

3.5.3 Input Preparation '\'

\ -
information the reader should refer to the listing of the

While readi;g’the follouihg explanation of the input

computer input and output reproduced at the end of this

section.

!
4

\ v
\ A

!

3.5.3.1. Reflection Data

A51de from the bu¥lq—1n reflection types 1, Z and 3
(dumsy boundary, total ref ettlon, and dielectric boundary
respectively) we will need\three deflned reflection types:

1. reflect1on vary{ng smoothly fron .85 for
rays normal to the surface to 1.0 at

grazing incidenle,to represént the reflec-

tor and other i

ternal metal surfaces;

!

2. diffuse reflktt?on returning half the

'1c1dent llg t,
c

in|the lamp} |-

t& roughly represent the
licated qnd and electrode structure

A
\

K J8 ref}ecticn,/grying smoothly from .95 for

rays normal’

to the surface to’ 1.0 at

grazing inc deﬁée_to_nodel‘the dielectric

lirroqs at the ends of”the\laser rod.

/b
" 105

<



. C | © -~ '3SR-405 = -

1

o Tﬁése three types of reflection are entered as reflec-
tion types 11, 12 and 13. ' ‘ '

3.5.3.2 Material Data © d

The metal, air and quart:z materials are entered in a -
straightfqrward’manqer (the refractive indices for the metals
and air are made slightly different so that ZA? will know
that the boundaries between them are not just duluy.bqundaries,
as it wou1d°assqne if their indices werg the same - see sub-

routine BOUNC<). THe xemon lamp plasma and Nd3+ - dOped‘gIas§ - 7
‘have absorption coefficients which vary with wavelength, and .
" the user-written subroutines ABS2 and ABS3 must be suppligd.

These routines (see listing at end of section) are self- .
explanatofy. . ’ o - - '

The abforpéion coefficient of'the‘netals is qadé very a

large so that'ény.light entering theg will be;i-lediately
cabsorbed. Note that a small ‘absorption has been addéd to the
glass' at all wavelengths; this is to insure some absorption
(even if small),for all waveleﬁgths, to avoid rays that

dribble on forever. 8

3.5.3.3 %qyndgry Data -
: ”k * “ . "E \‘. - ”- v 3 -
e The boundaries (in this case only spherés, cylinders

and planes) are- just those nécessary'to 5pec1fy the, segments -
Ly previ0u51y dgcidedéon. Because ZﬁP currently‘hanélés surfaces
fth;bbgh~theuorfgip,\the cCenter ofﬁth.geolétry is displaced ' ﬂ
sz‘.OOI-oh’each,axigl !When two refleCEioy ;rdbeftiesrhre,‘:” : o - _mfi
réquired.fo}'different°parts d?yé:bopndary,5twé-coinciding g '
bbundarges are Ebbgifieé wiihddiffereng reflgdfidqs, and the
choice betﬁeethhem is:made ﬁhen.?he.Pouhdqries;of\ﬁggpéptﬁq
-are specified (hote boﬁndariesls; il and 131} e 5 h
| T - J 7*- ' a5 Cmin
4
.
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3.5.3.4 Segment Data ‘ . _ \

\

Once the boundar1es are specified, the segments are
defined by giving all boundar1es of each (and the volume, if
the energy density is desired for that segment). The process
is quite 51np1e. TR

3.5.}.5 Structure Data

The mother-daughter relationships are entered for each
segment. The information is most easily prepared by reference
to a deco-pos1t1on diagram ‘such as Figure 3.8. «¢ '

3.5.3.6 Lamp Data

For this problem there is only one type of source.
jh1s is the volume- en1tt1ng xenon plasma in the lamp.  Its
properties are specified in the user-supplied sub{put1ne
INTEN1, which is reproduced at the end of thls section.

@

3.5,3.7 Source Data

There 15 only one source, namely the xenon lamp. It
is spec1f1edugeo-etr1callv by one boundary and a rectangular
parallelopiped. For this run 500 rays are called for from
~the lamp, in order to get acceptably low errors in' the segnent

depos1t10n energ1es in the rod.
/

. . ) "/ {

3.5.3.8 Test Data‘" ;

/

Test p01nts are specified for all segments- in this
exa-ple, although this is not necessaly 1n general: 0pt1on'1
B 15 used except hhed the segment voluve Js‘tero (because
daughter scgments take up all 1ts volume) ,-in nh1ch case ‘
Option 0 is used. ﬂ&egnents 1 and 2 also have points speci-
fied outside them (negative segment number). -All points are

correct, so no error messages appear

107
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3.5.3.0 Plot Dat4 i @ /
\ ,

Five plots are called for. There is a cross section
near the center of the sphere (but just above the symmetry
boundary) perpendicular to the rod and lawp; detail of the
rod and lamp is poor because of the limited priﬂter resolution.
Another plot parallel to and through the rod and lamp suffers
from the same lack of;detail, although the gencral configura-
tion is clear from both. The third plot is a close-up of the
lamp-rod-holders-sphere area oi the secord plot; it cleérly
shows the quartz lamp wall, rod segmentation, and holder !
details. The fourth and fifth plots are close-up views of
cuts across the rod and lamp respeéctively. These plots are
very useful in checking that the geometry has been specified
just as desired, and that no silly errors hav;';rept in.

3.5.4 Discussion of Output

The output due to test points and plot requests has
been discussed above.  Here the power deposition results will
be discussed.

3.5.4.1 Segment Results

The most intéresting information in the segment results
is the pattern of power deposition in the laser rod. The
half of the rod near the sphere wall (segments 14, 15, 16 and
”17) and the half near thevcenter (segments 20. 21, 22 and 23)
get essentially the same amount of scaled power - 47.13% and
52.86% respectively (we get\these figures by adding'the'nun-
bers in the percent scaled power column). The lensing effect
of the laser rod has concentrated more power in the core of  °~
the rod (segments 14, 16, 20 andiZ) than in the skin (seg-
- ments 15, 17, 21 and 23); the core got 60.46% and the skin

-39.53%. This effect is apparent in both the center and end

108 ' .




1

[

1

3SR-405

sections of the rod. Becausé the 500 rays have been enbugh
to give approximately 10% errors in the deposition powers in
the rod segments (see percent error colu-mﬂ these conclu51ons
are reasonably reliable. .

, |
3.5.4.2 ‘Material Results

» The material results tell us the distribution of power
among the various elements of the laser assembly. : From the
percent total power column, we see that the lamp absorbs by
far the greatest fraction of the initial power. However, the
lamp is a volume emitter and much of the power created in its
volume may be absorbed before it ever gets out. To find out
how mucl: is 1nternally reabsorbed in this way, another rum

" was made with the absorption coefficient of the "air" in the

cav1ty equal to 1000 cm i The lamp was found to absorb
76.59% (error 2.29%) of the radiation before it got out for
the first time, leaving 23.21% (er%pr 7.64%) of the 1n1t1a1
power as the amount actually enitted from the lamp (the
remaining .2% was azbsorbed in the laap ends). Thus we find
that the cavity and holders absorbed 9. 58% of the initial
pover (41.28% of the ‘emitted power), the rod absorbed 6. 70%
(29. 30%), and the lamp reabsorbed 7.02% (30.25%). \The power
returned to the lamp will act much like the lamp electrical
input power (because the thermalizatjion time in the*dense

-

- -~ 1amp plas-a is very short). If a fraction R of . the la-p input

is radiated as light with the remaining 1-R lost as heat, and

~if R is. not changed- greatlymby_theAselfmloadingndue—to returned
\  power (probably a good assumption for the low self-loading

here, but more questionable with higher loadings), we can make

a rough self-consistent calculation of what happends to the

returned power and what the deposition fractions are as
. \ .

e
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follows fassume all spectral regions act {ike the .4 - .92

region we calculated):
The input electrical po er-isiP
The power returned to the lamp from the cavity -
is-Q - |
The total input is thusl§+Q
tsu.t"is R(P+Q)

V . !
The lamp 1light
Then Q = R(P+Q)F or Q = (RFP)/(1-RF) where F
is the fraction of lamp output reabsorbed
(F is' .3025 for the geometry we analyzed).

Then if Fl is the fraction of b're-absarbedb
we have F'=Q/P = (FR)/(1-RF)

And,if L is the power absorbed by the laser rod.

And if G is the fraction of lamp output which
the rod gets (G is .2390 for our laser)

Then L = GR(P+Q) = (GRP)/(1-RF) and so

¢! = L/P = (GR)/(1-RF). Similarly, if C is

the fraction of lamp output the cavity gets
- then c! = (CR)/(1-RF). / - ’

Thus we see that self-consistency requifés that all deposition
“fractions be multiplied by the factor R](l-RF). - Taking the
reasonable value of .5 for R,’wé find this factor to be about
-59 for geometry we analyzed. o

From the material power and scaled-power for the laser
glass (material 6) we find that 57% of the power the laser
glass absorbed was useful laser power (the remainder was con-
verted to heat in the rod when the absorbed photon energy was
reduced to upper-laser level energy by radiationless tranéif'
tions after absorption). The self-consistent fraction of
electrical input the rod absorbed is -18), so .10 was useful

\ : 110 ‘ ' .
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! \\\for laser operation and .08 went to rod heat (we have assumed
\a quantul efficiency of 1.0, which may b: too high).
| Our results, nodlfled by the above self- consistency
lant thus imply that:
+  The electrical 1gput was 1.00
' The lamp heat loss was .58
'K The cavity wall absorption was .24
The laser rod heat loss was .08
\ The upper-laser-level result was .10
3.5.4.3 Summary Results’
The total absorbed power and total source power are
} sl1ghtly different because of stat1st1cal fluctuation in the
—d

| i
[ O—

==cy)
wd

e et ettt st oy
'
1

way rays are killed off. The execution time (on a CDC 3890,
R which kas floating point add-substract, multiply, and divide
\ t1nes of about 2, S5 and 10 us) was 1855.469 secornds. A Tun
" with ‘one ray shows that the setup time is about 30 seconds,
‘and thus the run time was roughly !
. T*30+3.7N seconds

AN
’

where N 1s the number of rays (each with 200 uaveleng ‘hs)
traced. ' The Program and storage occupied about €0,000 words
(48 b1ts each) of storqge.‘ ‘ 4

3.5.5 Coff‘clusi(‘ns '

We have fQund that about 10% of the input e1ectr1ca1

powel is converted into a2 pumping rate into the upper- laser
v level for the laser geonetry and lamp cond1t1nns we specified.
The actual laser output ava1lab1e will be decreased by spon-
tanevus emissioh and (for pulsed lase1s) by the fact that not
all the upper-level energy can be extracted. However, the
upper- level pump rate is robably the best measure of cavity
eff1c1ency and thus the bcst nunber to use when comparing

cavities. - ’
\ . . s ' 111
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SURIIUTINE ABS2 ( XLawe mAXFe TSIGe w ) |
Cossc.es0e [)-1S SUBHOUTIAE NEADS 1M Ing Cu-tql OENS1TY AmD D1Ang TER
Cesscosree o5 1€ FLAYQAW, ang It SCiLE ¥ :
Coecssesee g SCALE Facloa SPECIFILS Ing
Cossesssse ULIT OF TrE QUANTLTY UMY FOu 18PUT| SIZE SPECIFICATIONS,
T (meesssses NS IF TeE JAPUT 1S 1IN InCES,
Cososscess IAPUT 1S 1n CEXTIMETERS, SCME = ). N CUSsENT OEnsITY IS
Coososstes 0 AwPS PED SOUANE JwPUT V1T A% TuE D1amETER I8 papPuT
Consssscec 1S, THEREFOREe THE SCALE OF ThE EnTIRNE PSUBLER sAY B¢
Coosvsssee Oi30GE0 MLNELY »Y Duaslag SCAE, Tuls SUBSIOUT 1ag SHRAD BE
Comoooooss EATESED wEFORE ABSIe BLCAUSE ABS3 USES Tog IFoumaTION READ
Coessossss gy nls HOUTIAE AND S10«4ED In COveron, .
D1 ENS108 xLEngl), iSTG(l)
COweOn /CUR/ Cuty OIAMe SCALE . 2
READ 2, CUR, DlAN, SCALE
PHIYT 39, CuN, pIAM, SCalg
CONVERY TO mxS UM} TS
cun = 10000.5CU/SCaL £/SCaL E
Blaw s SleplanesCatf ! -
Cossessses £ P AsSORBT 10 COEFF amaay
00 19 jazl.maxF :
TSTG(1A) = mumuu-am.-_.n-m )
10 COxIgmyg _ .
AETudn ' -
20 FORAT13623.9) ,
38 FOmAT 12¢1,2q AP CURRENT CEASITY » oE16.9,
1  3e4 anPS PEn SOUARE InPyuT LEASTH ungi/
2 20K )ASSUE I DIAYETEA = 01609019 1amyT LENGTH UmITS,
3 20x015iSCALE FACTon = €109, -
¢ Jen CENTIMETENS PES 1MyT LEAGTW yN1T)
w0 5
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SAMPLE

PROBLEM #2 - USER SUPPLIED SUBROUTIKE§

SUBROUTINE ABS3 ( XLAN, MaZFe TSTG, )
Cosssdases InIS SURAGUTINE OETERmIAtS, Fom EaCH OF MARF WAVELENGTHS
Cestessccs STORED IW KLAM, TME AdSOY I JON COIFFICIENT (IN MECIPHOCAL
(Oseecssse JAPUT LENGTH UITS) OF O-) £D-2 MD3e LASER GLASS. Twg
(oesesesss [apuT INFOMATION TO i SUSHOUTIAE IS A DECK OF 2¢) CaRDS

Cosbosssee [ T3 Foumals 5 WLANKS, Ao THE WAVELENGTH AND ASSORST JOw
Cossssssss CoEFFICIENT In 2£180.06 FOWral,
FOR EACH VAVELENGIW IN xiAm, THE SUSROUTINE DETERWINES IF
COR0e00800 TnaAT WAVELENGTH IS wiTnld Ing sege - 92¢p ANGSTHOn QEGION,
(ossessces Iy 1T IS W01, THE ASSONITION COEFFICIENI AT TraT MAVELENGTH
CReSsossae 15 SET TO A SRALL vaLUte” IF IT 1Se InE AUSOMITION COEFF Jo
Coesesss-- CiEnr IS FOuD. gy LISEAS! INTERPOLATION BETVEEN 1€ Two
Cottess -« MraMEST DATA CARD WALWES.

Ol~EnSI0N xLan(l), ISIG(I), SAYAR(261) s ALPHAR(262)

CoOratn 7O/ Cia, Dlan, ScaLt

Cosssssece MEAD Iw DaATa CARY DECX *

80 3¢ 1a=l,2¢1
READ $0+ 18owaV Al Py

'mmcxrwmmwuw

1F15a-18) 10.20,10
Is  ouiny 90,18
20 wAvAR(]A) = way
ALPHaI{]A) = (agPue.0)) osCALE
38 CORYImuE
Cossccsssn PyT In EXTHA ELEMENT FOR INTERPOLATION AT LAST POINT
MP-a7(262) & ,8]°SCALE :

Cooesentes FIIL TISTG wiTn ABSORB 110w COEFFICIENTS CORESPONDING 10 XLANS
80 79 IC=lemany '
YLAN = XLAN{]C)
Costesese TeST IF oELOW NIN VAYELENGIM
IFIVLAK-.4) 40,40,50
4 TSTG(IC) = .elsScar:
[ 28]
COR0eseses TEST IF awuvE sax VAVELENG T
Se IFITLAN=,92) &6.:0,00

Coovnsecce IF SETHEEN LI*ITSe Flaw INVEX of CaTa Camp JUST BELOW &
6 &= (ViAw-_4)e5yg, o Ie
Coscaseses Flap an, €0, 8Y Lingan INTERPOLATION SETVEEN SRACKRETInG Canus

? TSTE(IC) =ALPYA (M) o (YLAN-wAYAN () 19588, (ALPYAR (N0 ] } -AL PraR a} )
8 O Nug :

00 FORMAT({3,5K,2£18.6)
90 FOR“AT (S9GLASS ABSOMsT ION CAMD ]3¢ OyT OF ORDER - CORTINUINGs)
190 FOW AT (28X, 29:CLASS DATA READ IN FaO™ Cangs)

(7]
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SAMPLE PROBLEM #2 - yYSER SUPPLIED SUBROUTINES ‘
3 ) \

.\-

SUBCOUTINE INTEM] ( XLAMs mAXF, ISIG\r Aasg )
Coeesssons InlS SUmuOUTINE SIONES Ia ISTG Fom facn YAVELENGTN Iy xtas
Censscesee Juf Lew VYULUYE ENISSION I8 waATIS PEa nICRON PER CUBIC InryT
Concescsns 1rncTu UnIT. IT IS GA3ED ON Ta FACT Tray L[, 3 (1 3
Cossnsscss £rISSIOY IS & FIMES Tt BLACK aoyY SPECTRAL ENISSIVITY Tisgs
. Covessssee Tof ABSORTJOR-EAISS JOn CCEFFICIEAT FOR A PLASHA |y LocAL
| Covesccccs nfumal EQUILIsHIun.  INE IEExaluse USED FOR ToE meack 9oOY
Cocosseccs EviSSIVITY IS ASSUED UMIFOmn ACRCSS Tt LANP,
DI~€ENSION xLan¢l), :s"“;énu
COwvON /CUR/ Cumy D AMg )
Coesoecdon Tif TE~PEMATURE OF I4E LAMP IS FOUMD FRON AN EoPIRICA, Fomax
O = 9458, %014n00, g3oCini0n, ol _
Tnl = OJ.'DIW’.ZP‘M".JO
T = (TL0%¢eTnoogl oo, [ougsel ;
Consessses Tk SPECIFIC OUTPUT IS InE SLACK BUDY ENITTANCE TINES THE
Cossscdone AnuSCARTION COEFFICIENT TInES Foum,
00 10 jasl.mans
K = xLAN(]A) ;
OFi0r = ExP(a4IN] (10387,.9/2/T469,33 « ],
BLACY » 3,7005€8/X/A/ 87K/ 54 DE 490w .
1STe(Ia) = a.uu-u(;.Ml‘ﬂ.ttx'scutoz'scui-M'l.E-b
1o contnug
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Cooososer® COEFFICIENT AT waAvELENGIN way (41CHONS) OF A XENOR PLasws

Cooosannge 2jTn CURLENT DEMSITY CUN Janps VER SGuasg "ETen)

Coosscesee 1y, g APPROSINATION COMSISTS OF A SET OF LOMENTZfAN LINES

Coscsecoss maxfmm In)CRONS) Foq UAE LOMENTZIAN LINE a1 1oee oS rea

Covosesese Scuang CENTIMETER 11,67 apPS pgu SOUAME mETER),

PIrtnSion XE (8] )

SATA (axf=xs)), 1XE= *4560,100.015, 4928014040150 .68
.1“3.‘..n.lso ..232.3,5000...0 o“...’...'-o..’.
.‘361.?25....“. o“”.ZZSO'...’. -“l’l’”.'o..’.
9952030000 .004, o V8450 375¢0,003 91020375, 0,000,
9374015050807, *9513¢0]150.0,907, 90000375, ..000,
« 992303750004, 1.8107,120.,.007, 1e0863030.0.007,
loll“l‘So.o..'. lol'“!_bo..“'. lo&).‘)o.é..'.
loMo”o.o”'o. 1e0180e30.4.015, l..'@oh.oo”'o
lo“l.-”o.-..". l.w'l5o..“7. l.‘m.l...o”'l
Cossesssse Frasy Tg APPROL IRATE CON]InUtng IS LYALUATED aT

AL = ls."""Q."."‘o'."“"e',) e Jeo
Coseccesan Ny TriE LINES ARE ApOLD

00 1o Julonxfs3

LR X I Y g

7702¢0.015,

1000 AsC2

A = a . lElJOll/l‘o.l(ll'OlElJllllElJozll.llu'dE(JllIl{lJozl

ALPoid » ALSATIO®RAT O
RETuNy
\ €
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SAMPLE

PROBLEM #2 - TEST RUN INFUT

SULTIFREQOENCY TEST ON SPHERC W1Th ROU AND LA

5 3 [ 1Y o 92
200 [ [ 1
11 FUNCY .15
12 Dll’nnsr. oS
13 Funcl ™ 05
1 1000, %9 0. PETAL SPMER)ICAL REFLECTOR
2 . 1000, 98 0. SLIAL CYLINDALCAL MOLDENS
3 0. 1. 0. AlR InNSI0E SYSTER
s o901 l.ts 0, QUANTZ LAWP ENVELOVE
S aus2 o, 1.0 ° 0. AENOR PLASHA 1N LA
Je000. e ! le
6 ABG3 9. ‘1e56 1406 O~1 EU-2 mM03e LASEN GLASS IX 100
1 4.000000-90] 0.0000004000
2 4.020000-00) 2:150400-00)
3 4.000000-001 Z.-273000-00)
'Y 4.060000-00) ie9Z0000-00]
s < #.089007-00] 1.659050-091
¢ ) 6e100889-00) . 1+536000-08)
? S.12udua-p0} 1:706904-00)
[ ] S.149000-01 leVeco0s-00)
° 4.160000-00) 15 -5300-90]
10 4.180000-001 JeSicure~-0u)
11 4.200000-00) 1e612u88~-09]
12 4,220000-001 1.786400-001
13 4.200000-00] 1.089600-00]
18 4.260000-001 1+612d03-00)
15 4.,200000-001 = 1.¥20900-00])
R 4.300000-001 . - J.45¢co08-90)

R} / ¢ 4.320000-001 8.992000-00) .
18 A0300000-00) 3.0720¢0-00) v
19 4o360008-001 1.928002-00)

20 S.3n0000-00) 108552v0-00)
21 4,450000-00] - 1.3050898-99)
22 4.420000-00) 1.152000-00)
23 0 8.400000-001 = 1.152000-04)
24 4,460000-901 *  9.214000-002
2s 1.382400-00]
26 1.45200-09]
27 1.68%000-0v]
2n 4.540000-00] | 2.073000-00)
29 4.560000-001 2.841000-09)
30 4.540000-00] 2995200841
3 4.600000-001 3.072008-00)
32 [8e620000-001 ' 3.225600-9v)
33 “ 8+640000-00) 3.072008-00)
34 3e656000-00] ‘
35 3.800000-00]
34 4.790000-00] 4.147200-90)
k } ] 8.720000-001 4.038000-90) s
38 8,749000-00) 4.854400-00)
39 © 8.760000-001 4.854400-00]
) 3 4.780000-001 4.37700. - 001
sl 4.000000-00) JeBap00: -00)
.2 3.072000-00)
43 1:996800-90)
s 40860009-00] 1:536000-00) °
as 4.800000-001 — L3820 00-00]
a6 4:9008.00-001 . 1+228800-00)
a7 4.920000-001 1:305600-00)
5,
0
L 1
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$322292282032py022s

83333‘323&’:83SSSS!S&!SS!S‘S!&&!!SS

S0.940000-00]
4:.960000-00]
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APPENDIX A

A.1 HELIX

A.1.1 Introluction

This Appendix describes the procedure that is followed
for finding the intersections of a ray with a helical pipe.
Two related procedures for determining whether a given point
is inside or outside of a given heclical pipe and for determin-
ing the normal to a helical pipe at a given point on its sur-

face are alsoc discussed.

A.1.1.1 Notation and Conventions

The regior R of interest in which the helical pipe
lies has a fixed coordinate system. An equation like
V = [x,y,z] means that V is a vector* with components Xx,y,
and z. Vectors will be used to represent points, line segments,
displacements of points and directions within the region R.
The length of V is denoted by |V|. |Ix,y,z]] = (x2+y2+zz)%.
Curves will be represented in parametric form. For example,
if P = [x,¥,z] and D = [2,8,Y] is a direction (in which case
a2+52+vz = 1), then I(s) = Pash = [x,y,z] + s[a,8,Y] =
[x+as, y+8s, z+ys] is the line through P in the direction of
D. More precisely,git is the point on the line that is a
distance s from the point P. Similarly ﬁ(e) = [x+pcosH,
y+£sing, z+«8] is a helix with axis parallel to the z-axis
and passing through the point [x,y,z]. (More properties of
the helix will be given in the following sections, particularly,
the next.)

i ARAPEEHE I  e

* L.
The notation used is essentially that of Louis Brand, Vector i
Analysis, Wiley & Sons (1957) except that he uses hold face
type instead of the arrow to denote vectors.

Al
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Surfaces will be represented in two ways: by paraczetric
formulas and by locus equations. For exanple, the plans pass-
- v - > - - '
ing through the three poiats Po, 51, and 52 1s given by the

parametric fornula

%(u,v) = 30 + u(?l-ﬁo) + v(§2-§0) (A1)

or the equation*

0= (B-By) - (B,-B)) x (,-5,) (A.2)

which is satisfied by just those points that lie on the plane

and no others.

A.1.2 The Helix

A paracetric fornula for a helix was given in A 1.1.1.
Kith the addition of a subscript h on soce of the terrcs, it
is the one that will be used consistently in 211 that follows,
viz.

-

Heg) = [xh + ocos3,yy *+ psinG,z, + L'5] : (A.3)

The axis of the helix is parallel to the =-axis and passes
through the point +h = [xh,yh,:h]. The radius of the circular
cylinder on which tke helix is wrapped is -. Thke pitch of the
helix is 2-«x, the distaﬁce traveled in the z direction per
revolution. The helix is right-handed if <>0. The paraceter
€ represents the angle of rotation required tc rove fron the

point ﬁ(O) = [xh + c,yh,:h] to the point ﬁ(%).

&
See Brand, §10 and 11 for definitions of scalar (dot) ard
vector (cross) products.
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A.1.2.1 Tangent

The tangent* t(s) to the helix at the point ﬁ(e) is
found by differention:

t(o) = g—e A(e)

= [ag(xh + pcoss) g§(yh + psine), gﬁ(zh + «9) (A.4)
[-psin 6, pcos o, ] .

The length of ?(a) is the distance the point ﬁ(s) moves along
the helix hhen 9 1ncreases by 1. The unit tangent

T(e) = t(v)/(p + K )'i is the unit vector in the direction of
the tangern:. It is the d1rect10n of the line tangent to the
helix at H( ), so the parametric form for the tangent line is
H(E) + sT(c) where s, net 9, is the parameter.

A.1.2.2 Principal Normal

The principal normal** to a curve at any point is the
direction from that point to the center of curvature. It is
perpendicular to the tangent. It may be found by differen-
tiating the tangent once again. Since d:(e)/de = [-pcos 9,
-psin 8, 0], which has length ¢, the principal normal is
X(2) = [-cos 2,-sin 3, 0]. It is always perpendicular to the

Z-axis as well as to ?(9) and it points from ﬁ(e) toward the
axis of the helix.

®
See Brand, £27.

L ¥ 3

Brand, §29.

A3

e e

E’,g.;,ﬁ', | AT NP
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The radius of curvature of the helix is given by

du(s)

= Zico)
lﬁe

which can be worked out by straightforward algebra and differ-

entiation.

The binormal of a curve is thc direction perpendiicular
to the tangent and the principal normal which nay be deter-
mined by taking the vector product of those directions. In

our case, the binormal is given by

M) = Tee) x %)

1
= [Ksin 8, -xcos 5,9]/«cz+<2)1 E (A.6)

A.1.3 The Helical Pipe

The surface that we must deal with is, loosely
speaking, a circular cylinder whose axis is a helix whick is
to say that a plane perpendicular to the helix at some point
3h cuts the surface»in the immediate vicinity of ﬁh in a
circle with center Ph and radius a. A pararetric formula for
the surface can be given as

> > .. . -
Q(€,$) = H(8) + a cos ¢ N(8)+a sin ¢ H(s8)
= [xh + pCcos S - acos ¢ cos & + «xa sin ¢ sin 2/
2 2 . . .
(p +K ) » Y, * £ s1n S - a cos ¢ sin 2 - xa sin ; cos &/

1 . :
(DL+K2)2 s By + k§ + pa sin ?/(22*<2)1] |

Ad
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hotice that wken c¢=C the formula reduces to one for a circular

cylinder of radius a and if x=0 it reduces to one.for a torus.

A.1.4 The Rav and the Helical Pipe

The origin of the ray will always be denoted by
50 = [xo,yo,:o] and its direction by D = [2,5,v] where, of
course, a%+3%+v2 = 1. VWe will always use P(s) = §o+sﬁ
=[x0+sa,y0+s£,:0+sy} as the parametric forcsla for the ray
where s denotes the distance from 30 to f(s). Sincg 30 is

the origin of the ray, s>0 for points of the ray.

Let b denote the distance between the axis of the helix
and line of tke ray and let ﬁ(sb) (it is possible that sb<0)
be the point which is closest to the axis. Sinrce D is per-
penlicular to the shortest line joining ﬁ(sb) to the axis, we
nust have u(xh-xo-sba) + :(yh-yo-sbs) = 0. Therefore

2

b T [9(xh—xo) * S(Yh‘yo)]/132+52) (A.7)
and :
b? - (xh'IO'Sbc‘)2 * (}'h')'o'sbs)z : (A.8)

As we soon will see, it is important to know whether
the ray passes the axis- on the right or left. The ray passes
the axis on the right if and only if the three vectors 30-§h,
D and < forn a basis for a right-handed coordinate systenm
which, in turz, is true if and only if the triple product
g = (30‘§h)‘(5 x k) is positive. 3But

ﬁ X E = [3’2:-"] X [0’0’1] = [E,‘_Q,O] > (-'\-9)

£
2
i
3
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and hence

o = [xo-xh,yo-yn,zo-zh:]- [&,-2,0] (A.10)

= E(XO-Xh) 3 Q(Yo')'h)

The magnitude, as well as the sign, of ¢ is sigrificant
-»>

Notice that 3 x i, being perpendicular to both D and k, 1s
parallel to the shortest segment joining ﬁk + sk (the axis)
to P +sD (the ray). Hence, b must be the length of the pro-

0 - -> ->
jection of Po-ﬁh on D x k,
-P--P . -,),
_ 1(Py-Py) - B < K!
1D x K|

|c |

- 1
(a2+52)1

A.1.5 The Turns of the Helix

When the ray and the axis of the helix are skew, there
is a unique plane Hr containing the ray which is parallel to
the axis. Consider, then, the,half-blane extendinz away fron
the ray in a direction perpendicular to I and having the axis
as boundary. This half:plane cuts the helix into a series of
individual loops, that we will call turns, whose endpoints ave

B

as far as possible from the plane e The turns are arcs of

the helix ﬁ(e) correSpoﬁding to intervals “n g : < “n+1 where

#n = ¢0+2n7, and k
sin v = (¥} ~¥p-25,)/b | (A.12)
“ ' cos v, = (xh-xo-asb)/b (A.13) -
g Ao

—

s
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The vector [cos vg» sin $0,0] is parallel to the short-
est segment joining the axis to the ray, which is perpendicular
-»>
to D. Therefore

acos 00 + Bsin wo =0 (A.149)

A.1.6 The Sequecnce of the Turns

The basis cf the plan that is used for finding the
first intersection is a procedure for calculating the inter-
sections of a line with one turn of the helical pipe. For
the sake of efficiency, it is desirable to know the order in
which the turns are encountered by a point as it travels
along the ray. The present section is devoted to the descrip-
tion of a method for plotting rays that is well-designed to
illustrate how they proceed from turn to turn.

To see how the plot may be gencrated, consider a half-
plane that is boundec ou its edge by the axis of the helix
and which cuts the ray at some point and let a curve be
traced out on the half-plane by the cut-point as the half-
plane rotates about its edge and the point travels along the

ray.

Let r(s) be the distance from the axis to 3(5). Then,
2 2\%
nis) = (("0 *asexy )T v (yg + Bsoyy) ) (A-15)

= (bz 'f_;.;‘z(s—sb.)z)!i

Let w(s) be the distance from 3(5) to the half-plane that
passes through B(Sb)‘

A7
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Then
w(s) = 1(s-sb) (A.16)
where
s
u = (a2+32) sgn(c) (A.17)
i.e., u is the length of the projection of D on the plane
z=0 and it is positive if the ray passes the axis on the
right as it does in Fig. A.2. It follows from Eqs. (A.10)
and (A.11) that
w=0a/b . (A.18)
Finally,; 1lct
¢(s) = arctaa w(s)/b (A.19)

and ' _ - ”\
z*(s) = z2p * ¥Ys - x¢(s). (X.20)

The significaqce of ${(s) is shown in Fig. A.2. It is the
angle that the plane through P(s) makes with the plane
through}P(sb). The sign of ¢ in Eq. (A:l?) was selected. so
that ¢ and 9 are both measured in the right-handed or counter-
cloclwise sense. The purpoée of :(s) is to prpvide the terr
- x¢(s) in Eq. (A.20) which conpensates for the fise (or fall)
of the helix as the point on the ray passes tk axiél//lhus”
z*(s) represents the height of 5(5) above a that rises
with the Helix. The desired piot,/;heﬁf’is gfrerated by a
point having r(s)‘EE/oréiﬁEie‘ggd’z*(s) as

plot, the turns of the Lelix appear as fiked points with

scissa. On thic

i q " : =z k= z, s at(2n+1)-j3.
coo?qlngt (rn, n) where r and n h <( ot (<n 1).)

e

A8
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The equation of the trace of the ray is obtained by
eliminating s from Eqs. (A.15) and (A.20). When x=0 the
result 1s

2 .
(-z;;‘l - (:_b)z =1 | (A.21)

wher/g",zb = zp* 5, SO Fhat the trace 1is a:hyperbola whose
center has coordinates z* = z, and r = 0. The effect of kK # 0
depends on the relative values of xu/y and b. If xu/y<0 then
theray goes counter to the helix and the hyperbola is '
stretched by the amount 7wk, the distance the helix rises dur-
ing a half-turn. In this case, the ray meets the turns of

the helical pipe in their natural sequeace.

If xu/y>0 then the ray and the helix both rise or both
fall and if the magnitide of « is large enough so that xu/y>d
then helix rises or falls faster than the ray while the ray is
close to the axis; the hyperbola is compressed by 7x and a ,
loop forms. '

To verify this fact, observe that

b
dz*(s)/ds = Yy - 32
uz(s—sb)z + b2

“ (A.22)
Kp

Yb , 2
‘H(S‘;Sn)' . 5

l

which changes sign if <u/y>b at s=sp*2 where

| A= J:—Z(;—' . b) | (A.23)

=Yy 1 -

All
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When O<xu/y<b, the hygerbola is still compressed by -« but

not enough to form a loop.

S

Figure A.3 shows examples cf the three types of
traces that rays méy have. The traces of the turns of the
helical pipe are more or less elliptical. It is seen that
when «u/y<b, the\}ay intersects the turns consecutively, each
one at most twice. W%hen b<<u/Y, all turns except the two
nearest z*=zb are still passed in natural sequence and each
is intersected at most twice. On the otke- hand, the two
exceptional turns (i.e., the two with z* nearest :b), Rnay
both be intersected four times by a ray whose trace resembles

the one pictured in Figure A.3.

A.1.7 Numbering the Turns

The strategy that is used to find the first intersec-
tion of a ray with a helical ipe is to determine the sequence
in which the ray approaches successive turns and then to
examine the tﬁfns in that sequence to find the first that is
actually intersected. In implementing this strategy, the
turns are assigned ordinal numbers as follows.

Let
§ = Zwsgn(zy)., tn = QO + nv
where
cos Ty = (yh-yo-isb)/b ‘
and |

sin 0 = (yh-so-?sb)/b

Then, turn n is the turn for which J_<:I<s .
n n+l
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Figure A.3 Traces of typica: rays: 1) xu/y<0, 2) 0<ky/y<b,’
3) b<cu/y, 4) ray with 8 intersections
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This definition of t%e numbcer of a turn differs from
that of Al.5 in that here we require that the sign of v
agree with tha: of ky. This has the pleasant effect of insur-
ing that n will increase as s increases (except for that
segment of the ray corresponding to a loop in the trace). 1In
order to give precision to the above statement, the function
n(s) is defined to be the number of the loop that is closest
to the point ﬁ(s) = Po + sD. The value of n which is assigned
to points midway betheen turns is unimportant since such
points are necessarily exterior to the helical pipe.

A.1.8 Seven Special Points on a Ray

There are certain points on a ray that are special
enough to receive specific names. They are listed below
togetl:er with a formula for the value s at which the point
is attained. /When the value of s for some special point on
a particular ray is negative or complex, it means that that

point does ngt occur. The points are

PO’ *he origin of the ray. Sp = 0

P;, the point where the ray enters the cylinder
/that encloses the pipe. $1 = Sp - 'J(p+a) -b2.
1f b>p+a, the ray does not penetrate the
cylinder.

PZ’ ' the poirt where the ray enters the cylinder

| on which the pipe is wrapped.

Sy = s —'d(p-a}2+bz. If b>p-a, the ray

does not penetrate the inner cylinder.

P3, the point where the ray emerges fronm the

.....— inner cylinder. Sz = Sy * V (p-a)2+b2.

Al4
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P4, the point where the ray emerges from the

outer cylinder. Sg = Sh +V(p+a)2+b2.

Pg» the point where the ray reaches the bottonm
of the loop in its trace. Sg = S5p*2-  There
is no loop if 1A is complex.

6’ the point where the ray reaches the top of
the loop in its trace. S¢ = sb-l.

The number of the turn nearest Pk is n, = n(sk). Note
that '

The subroutine INTHEL which we consider next is
not exactly simple but it is straightforward. The complica-
tions that arise have to ﬂo with the singularities that arise
when one or more of the quantities y, y apd b become too
small. It will be observed that when Ng>n. these two turns
are treated simultaneously because they can generate inter-
locking intersections. |

A.1.9 The Distance fronm a Point t6 a Line

The distance fron the point P = [x,¥,z] to the line
f(s) & §o+sﬁ = [x+as, Y+3s, z+ys] is attained where ﬁ-(f(s)-ﬁ)
=0, i.e., the seégrent that joing P to the Closest point on
L is perpendicular to the line. 1If s=s_ at tﬁat point, then

= a(xy-x) + E(vp-y) + ¥(29-2)

AlS
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and the distance from the point to the line is
d = (x + as -x)z + (' + Bs -y)z + (z + ys -z)z gy (A.25
0 m Yo m 0" p e

A.1.10 The Distance frem a Point to a Turn

It is often Necessary to determine the distance fron
a given point to a given turn of the helix. The distance
- 1
from P = [x,y,z] to ﬁ(e) is easily verified to be (26)? where

‘ 2 - 2 2
G = %(x-xh- cos 9) + %(y—yh- sin q) + %(z-;h-xe) . (A.26)
A change of 0 will reduce the distance if it will reduce G.

The distance will be a minimum when dG/d9 = 0 and dZG/d62>O.
The first two derivatives of B turn out to be

%g= psin G(X-xh-pcos 9) - pcos G(y-yh-psin 9) - x(z-zh-xs)
= psin 6 (x-sh) - pcos e(y-yh)- K(Z-Zh'Ke) (A.27)
- d% 3 2
= 6 (x- 6(y- :
o7 pcos (x xh) + psin () yh) + K

" The problem reduces to that of.finding the nearest root of

dG/de. A given estimate of the 0 of the closest point is
improved using Newton's method vhich is to set

dG _
6 = - gg—- . (A.28)

new d
de

It is well-known that Newton's method can fail and the present
application is no exception. The trouble arises when
dZG/d62<0 which usually causes a maximum rather than a ninimur

Ale



—--—_.-——q

3SR-405

\ e

to be approached. The Problem is overcome by setting
enew = 0-sgn(dG/de) whenever de/d92<O, i.e., by mOVing one
radian toward the minimum.

A.1.11 The Inside of the Pipe

It is sometimes necessary to know if a given point
P = [x,y,z] is inside or outside the pipe. The point P is
inside or outside the Pipe. The point P is inside if its
distance fror the helix is less than a. This assertion

follows from the definition of the surface of the pipe which,

according to the Parametric formula given in A.1.3, consists
of those points lying at a distance a from the helix. Thus
the problem reduces to finding the distance from P to the
helix.

| 6, = ATANZ(y-yh, x¥xh) + 2%n .

The value of n which minimizes Iﬁ—H(en)l is the one that
minimizes lz—zh—ral which is, in turn

Z-2z, -x0
n:[ h —+!5]

2%k

where [x] denotes the greatest integer that is not greater
than x. Cadtion: in FORTRAN, INT(x) = [x]+1 when x<0.

\
\

Al7

(A.29)
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Using ﬁ(en) 45 @ starting point, a procedure like that
of A1.10 is used to search for the closest point with the
refinement of a quadratic term. Thus

3

g—g = -psin e(x-xh) + pcos e(y-yh) (A.31)
3]
and we write
Caex®) o3¢ |
2 6 -6 3.
dG d°G new d G
0 = To * (enew-e)—z— + ; : des (A.32)

Writiné G', G", G"' for the successive derivatives of G and 2
for enew—e, we get

6 - __Gll + ((G")Z - ZG'GIII)%
2G'"

(A.33)

i
\J

- ((G")Z - ZGlcln)ii

e

The  second form, which is obtained from the first by ration-
alizing the numerator, is preferred, especially when G'" is
small. s

The iteration may well be stopped when [S|<.01 because
the error will be less than a(l-coss) < .SXI0°4a.

The method tails for points on the axis but these
points are outside the pipe because a<p.
' i

)

Al8
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A.1.12 The Distance fror the Ray to a Turn

A ray approaches évery turn at least once and never
more. than twice. If it approaches turn n at two peints, Ba
and eb then 8, and €h will be separatqg by wn + %v, the mid-
point of the turn

The procedure for finding where and how often a par-
of techniques
.described dbove. First, the point 81 = ¢n+kv is selected.

The equation (A.24) is used to find the point on the rav
closest to'ﬁ(s). Let its parameter be called 5(91). Next the

, ticular turn approaches a ray is a combination

method discussed in Al1.10 is applied to find a 8, such that
ﬁ(ez) is closer to 5(5(91)) than ﬁ(el) and then 5(92) is
calculated. The process is repeated until a cenvergence
criterion is sﬁtiéfied. When the procedure was first designed,
the pian was to apply just one step of the algorithm described
in Al:lo per itéiat%on but certain test cases showed signs
of instability. The dynamics of the instability are not
understood but it was found that repeating the algorithm
until lenew-6]<.01 was sufficient to damp the oscillations.

The whole procgdure'is repeated with 91 = vn + %9.
When the ray approaches the turn on both sides of ¢n+%v, the
points of closest appfoach are found with an accuracy of
better than .01 in ¢. If the ray approéchés the turn on only
one side, the procedure on both sides will usually converge
to that point but dccasionally » when $] is set to the "wrong"
side, it will drift around the back of the helix to an adjacent
turn.

Alg
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A.1.13 Finding the Intersections

If a ray is found to be within a distance a of a turn at
a point where it is‘closest, it can be inferred that it inter-
sects that turn. Two procedures are used for loéali;ing
intersections, one is used if lﬁ-?(e)i<o.3, else the other is

used.

In case IB-TLS)|<O.3, a first approximation to the
location of the intersections is made by calculating the inter-
section of the ray ¥ith a circular cylinder of radius a and
axis through H(8) in the direction T(e). If c is the distance
from ﬁ(e) to the ray then the intersection of the ray with
the cylinder will be at c(8)*4s where

2_2 % :
As = (a*\ﬂz) (A.34)
1- (B-T)

The first approximations to the intersections of the
ray with the turn of pipe are further refined. . Let 33
= [xa,ya,za] denote one of the first approximants . The pro-
cedure begins with_the application of A1.10 to determine the
@ corresponding to the point on the helix that is closest to
the point P_ . Then the closer intersection of the ray to the
tangent cylinder :t the new 8 is determined. The equations
used are discussed below. First, the equation of the cylinder
is

1B-Hee) 1% = a%s  B-igey) - T(ey 2

[44]

(A.33)

Next, we substitute 3a+uﬁ\for P in Eq. (A.35) and solve for
u, which yields /

A20
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or

aZ'CZ

" b(l + (1+d(az-czh/£z)%)» ' e

where
|Fo-ﬁ|2 , d-1- @D, b= B-(5,-A)

and T- (P -H) =0 (because the segment Jo1n1ng 3 to the helix
at A is perpend1cular to the tangent T)

\ ThenfS+u is substituted for s and 6 is further ref1ned
If the change in 8 is less tkan .01, the current value of s
is accepted, else another step. is taken.

¥hen |B-T|>.7, the approx1nat1on in Eq. (A.35) will
uften yield such poor accuracy that the refinement technique o

fails. For that reason, an ent1re1y different method is used
when |D- T is large. The cr1terion for the aiternate method

is |B-T|>.3. ‘ Bl

Y

In the beginning of this section, s(e) was. def1ned to
be the value of the parameter of the point on the ray closest
to ﬁ(e) We now define a new point on the ray to be associated
with 6; and that is the point where the ray intersects the
plane HI(2) that is normal to T(e) and is cut by the helix at

ﬁ(e) The equation for I(9)

B-T(8) = fi(e)-T(o) . (A.38)

A21
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substituting io*sﬁ for P in Eq. (A.38) yields an equation in
s, the parameter of the desired point:

(xa°es) Costn 9 + (yrss)ocos o + (zgrrs)x

(xh+pcos 6)(vpsin 3) + (y0+psin ebpcos 9 + (zh+ xs)x

|
Denoting the solution by sp(e), we get
Il

(xh-xo)(-psin 8) + (yh-yo)ésin 8 + (zh-zo+x9)x

sp(e) = (A.39)

-apsin 6 + chosge + YK

Note that the denonminator of the ‘ of Eq. (A.39) is
(p2+K2)&D T, making sp(e) large when B-1 is small. The impecr-
tant thing about the point. ﬁ(s (8)) i} that ﬁ(a) is locally
the closest point on the hel1x.- Ther fore, P(s (8)) is a
point of intersection if the distance IP(sp(e))-H(e)I =

Let B(6) be defined as

B(8) = %(xo+aspf9)'f X, - pcos E)z
\  +u(ygres,(2) - ¥y - esine)® (A.40)
\. .
+ 4(zptys_(6) - 2z - <6 )2
0 "p h ’ ’

or, ir vector notation, B(3) = k!ﬁ(s (=))- H(G); or, in hords,
‘half the square of the distance from ﬁ(s (g)) to H( ) Thus
the problem of finding intersections reduces to that of solv-
ing the equation

B(8) = %- g | (A.81) -
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When |ﬁ-f(e)|<<a, Eq.-(A.41) is hard to solve because B(9)
becomes very large in the vicinity of the root and consequently

~ the cylinder approximation is employed in such cases.

A-1.14 Findiag the Roots of B(9) = a2/2

The process of finding the roots of Eq. (A.41) involves
dB/de which we denote by B', as well as B itself. The formula
B' follows from Eq. (A. ); '

~_ B'(8) = (xo+asp(e) - xh4 béEs e) (asﬁ(ﬂj + psin e)’

* (vo*8s,(8) - y, -psin e)(ssl;(e) - ecos ) \ (A.42)
|

- + (10#1§p(e) - zh/- xe)(ysﬁ(e)-x)
~ where \
ss(8) = (Dx'-x*)/p? - (A.43)
) N =~(;h-xo)(-psin 6) + (yh-yo) peos & (A.44)

£

. % (zh-zo+x9)<

)N' = (xﬂ-xo)(-péos 9) + (yh-yo)(-psin e) + KZ (A.45)
D = -gpsin 5 + 3pcos 8 + y« (A.46)
D' =l-hpcos 9 - Bpsin @ | (A.47)

The procedur: is to exanine B(5) and B® 2) at steps of
about\n[A looking fﬁr intervals that might contain one or more
roots. When a change in the sign of B(a)-az/z is observed
between the endpoints of an interval, a rather ordinary root

/

o A23
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\//' finder is evokgd to find the location of the locatioA of the
j / intersection to the desired accuracy. But a sign change in
L/ B(O)-azlz will occur only when a single root lies within the
' interval. Two indicators are used to detect the occurrence
of double roots. The first is a sign change in B'. If B'
changes sign as an interval is traversed, then an extremum in
B must occur within the interval. The extremum is ignored if
it is in the wrong direction, €-g., if it is a maximunm and B
is greater than a2/2 at the end-points. But if the extremum
is in the right direction, a linear interpolation of B' is
applied to provide an estimate of 0 at the extreme point. If
B is on the other side of 32/2 at the estimated extreme point,
then two roots are bracketed znd the root-finder is called
forth for each. Otherwise, the rediction of lB-aZIZI is con-
- - puted and if it is reduced by more than 1/2, the interpolation
is repeated, if not, the interval is abandoned. |

!
i
[

The second indicator of a double root is used to detect

- R.TRY - -

: intervals in which a double sign change of B' has _occiirred.
\A J .—The quantity that is tested.is.. . et .o ‘ \

PR i S S T SSISUISRRPPIREIMENSY. g0

N ' : \

o B(ei).- - B(ez)
(91‘92)(31(91). * Bl("_z))

where 8, and 8, are the values of 0§ at the end points of the

interval. Thus, c is the ratio of the-difference quotient

of B tb twice the average of the derivatives at the"endpoints.

For a quadratic, ¢ = 1/2. If c<1/4, the interval is considered

| to be too large and it is subdivided. The subinfervals are
then processed in the same way as full-sized intervals.

Y S

c (A.48)

- In the above, it has been assumed that no interval can
contain more than two roots of.Biazlzl To be sure that such
— is the case, each turn is divided in the middle into two half-

turns which are treated separatcly. Each half-turn contzins
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- at most two roots and at most one minimum of B'. The latter
fact is also used to reduce the number of branches at a few
Points in the pProgran. |

The techniques described above would occasionally fail
in intervals éontaining 2 zero in the denominator of the RHS
of Eq. (A.39) for sp(e). The point to be avoided is found by
solving the equation D(6) = 0 where D is defined by equation
(A.46) The solution is simplified by substituting Go+c for

o = !‘ ‘
© where 90 $n+‘V. Then
D = —apsin(eo*c) + chos(eo*c) + Y
= -apsin eo Cos [ - apéos eo sin ¢
+ Bpcos 60 cos 'z - Bpsin eo sin [ + yx
e NOW 0 = 45 S0 cus 85 = -cos v, = cos ¥p and sin 8y =

-sin ¢n = -sin bh. It then follows from Eq. (A.14) that
e cos 50 + B sin 90 = 0. Therefore, when D = 0

- LLS = - YK
€05 & m p(asin 60 - Bcos SEY' pu (A-49)

If lyx/pu|>1, then T(e) is never perpendicular to 3,
but otherwise, 3-?(9) = 0 for 9=°oic- At those two points,
sp(a) and B(el\hgcﬁne infinite and the Plane 1(8) defined by
Eg. (A.38) becomes Parallel to the ray. To determine which
side of H(Eo+;) contéins the ray, we calculate dlif(eo*c).
(§O-H(50+c)) which is the distance from the plane to the ray
except that d1 is positive or negative according as the ray
1s or is not on the side of H(90+c) to which T points.

A25 1
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The next question is how
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Close to 60+c can the inter-

section (if any) come. The following approximation will be

adequate for our pPurposes. Recall t

b

ture of the helix is pex?/p,

hat the radius of curya-

The intersection might be as far
2/p from the center of curvature

nce from eo+; to the intersection.

In that Case, if the plane moves a distance d1 to go from

60+; to the intersection}
|

9 must change by more than

L
dI(p2+:2)‘

8 ” p*:zfn 3 4
1 = A.50
min p+a+x2/p (p2+x‘) pZ+KZ+pa ( )
e - R - 13w i f
where (p“+x“)? - t(e)]| = ||dH(8)/d6|, the distance a po#nt on
the helix moves per radian increase in 9. Thus, of 6_. >0 we

look for intersections bet

we look between eo and eo and 6

min

een eo+c+e.in and 90+w and if 6 . <@

is well-behaved over the range.

Similar consideration

0+C+9.in-

apply |

min
In either case, B(E)

to eo-c. It should be

emphasized that if euin is very small, then B-T is small and

the problem of searching for

using the cylinder approximation.

aQ

P
i,

A.1.15 Assembling the Pieces "

A26

oots of B(9) are avoided by
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1 \\
\

A.1.15.1 Step 1 | \

\Fundamegia] constants (b,u,x...) are computed. Six
special values s., 1<i<6 of the parameter s are evaluated
=n(si) and n, = n(0).

together with n. The number n of the first

/ 1 o
turn to be investigated is selected using the following
decision rules. /
/ -
. / N ,&«'v'
1. if s.>0 set n = n, 7

1 /

\ '.2. "if sl<0<s2 set n = ng
3. if §2<0<s3 set n = ny

4. if 53<0<§i“'se} n = n,

5. if s4<0 then there is no intersection

AV

, h

6. 1if n=n, as set by\one of the above, change
n to Ng.

I \
\

T
£

H I"\
\ 1
, | P
Having selected a turn fot investigation, the method
of A1.12 is applied to determineiihgther the line of the ray

comes close enough to: either halfﬁpf the turn to intersect

o

A.1.15.2 Step 2

the pipe. If so, go tp)stqp A.l.f$44 otherwise go to step
A.1.15.3. \ \ '

-+ \ .

A.1.15.3 Step 3 i \

\

It has been estabf@shed that there is no intersection

with turn n (s<0 does not count). N

/ 1. if n=ng<n., set.nﬂp6 and go to A.1.15.2

otherwise, set n=n+} and continue.
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2. if n>n4 there is no intersection.

3. If n_<n<n

2 32 Set n=n3.

4. Go to step A.1.15.2

\

A.1.15.4 Step 4

An intersection has been identified. The value of
B-T is determined at the closest known pair of pdints between
the ray and the half-turn and on that basis, the B-method or
the cylinder approximation is used to determine the location
s* of the intersection to within an acceptable tolerance. If

O<s®*<s** yhere s** js the best previously determined inter-

section (initially; s#* = 1021) then set s*#*=s%_ Both half-
turns are conside.. d. If n=ng<n, then set n=n, a?d repeat
this step. Otherwise, one or more intersections with s>0
have been found and the procedure for ordering the turas for
consicderation assures us that the minimum of these:positiVe
s's must correspond to the first intersection.

!

A28
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APPENDIX B

B.1 AUTOMATIC SEGMENTATION /

/

A separate computer program has been developed to auto-

matically segment a gener;ﬂized circular cylinder. The code

is called LAZY and produces data input cards for the ZAP code.

. It is assumed that the cylinder is horogeneous and is
confined betheen two end planes. The outer surface of the
cylinder and the two parallel end planes are considered to be
Fresnel's reflection. All internal cylinders and planes are
treated as dummy boundaries.

Either a full or half cylinder may be generated. If a
half cyllnder is used, the plane through the center of the
cylinder is treated as a plane of symmetry.

An ootlon exists for treating a cylindrigal shell. In
this case the segments are those confimed between an outer
cylinder and an inner cylinder. ‘

The segments are formed by generating a spec1f1ed num-
ber of equally spaced Planes between and parallel to the two
end Planes, and a specified number of concentric cyllnders
within the outer and inner cy11nders. In addition, planes
are generated at equal angles through and parallel to the
cylinder axis. In this way each segment is conflned b& four
Planes and one or two cylinders. : /\

In addition to generatlng boundary and Seg.enq cards,
the program will generate structure data cards.

The cards generated by the program will be onﬂy a por-
tion of the cards needed to set up a ZAP problem and are
intended primarily as a means to segqfnt the laser rod.

\ ‘,
Bl 3, /
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!

B.2 INPUT FOR LAZY

/ ' o
Input to the LAZY code is in the furm of duta cards.

Standard Fortran Data keypuiclh forms are used :nd formats are
1216 and 6E12.4.

Output from.the code consists of punched cards and a
listing of the card images.

Care must be taken that no Plane passe-s through the

 origin.

‘Card #1 (1216)

1) I0PSYM

Option for generating only half of
a cylinder with a pPlane of symmciry.

Plane of symmetry with segmeats on

)
P
[}

———

non-origin side of plane.

(=~
I

Full cylinder, no plane df_sy-Aetry.

+1 Plane of symmetry wi'th segments on

' orjgin side of plane.
—@ption,for generating rcther segments

and mother-daughter ctructure data
cards. '

2) MOMOP

(=~
"

No
1 = Yes

3) KBAR

First boundary number to use

4) MBAR Number of slices to generate (MBAR+1

parallel plaues are generated).

4

Number .of rings to generate (LBAR or

LBAR+1 concentric cylinders are gen-

‘erated).

!

S) LBAR

6) NBAR Number of wedges :o generate (for a
\ full cylinder, NBAR nust be an even
‘number. The number of planes gener-
~ated is NBAR for a half cylinder and
'NBAR/2 for a full cylinder.

B2,



7) JPAR
8) MAT

erated.

9-12) Not used

Card #2 (6£12.4)

1)
2)
3)
4)
5)
6)

Card #3 (6E12.4)

1 X,
2) .
3z,
4) X2
5) Y2
6) szﬁ

Qa

p
p

Directional
end planes.

Material num

cosines of
If the dis

end plane is negative,
these cosines is used.

Directional

cosines of

the plane of Symmetry.

Coordinates
end planes.

/

Coordinates
end plane.

Card #4 (6E12.4) .

1)
2)
3)

4)
3)
6)

a

Directional
axis.

Coordinates
axis.
?

B3

of'a point

of a point

i
i

cosines of

of a point

3SR-405

. .
First segment number to use.

ber for segments gen-

the normal to
tan.e to either
the negative of

the normal to

on one of the

on the other

the cylindrical

on the cylindrical




3SR-405
/
gf Card #5 (6E12.4)
| 1) RC = Radius of outer cylinder.
2) RI = Radius of inner éylinder (hsually 0.0).
3-6) Not used !

e 5= e P, i v . .

B1

-y @
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ZAP FLOW DIAGRAM AND PROGRAM LISTING
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ZAP FLONW DIAGRAM

HTer

Brsd impet dags snd indtislize amd
Bt wp probles

B IrSl peamns
Lol i g-:r- plets,

—]

l-'l'.-‘rzll'm-

leg of am FEIITamg ray.

leted?® Pri t
ad materiar | _..
resalns

Infrm ity s
L TE L

Metrrmine if Trasitted ray sarvieed .
Sl ol ps v PAT By iy srravdimgly. ™
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- Ceossestess FpaXs

PRoGRAR ZAP . L
Cos o o . .

-cc.o“noo ZaP IS T nalu PROGRAN ANO S PRIMARILY A CONIROL REGION,
- oo0 ocoaces

Coseses
Coessesene

Coesnscsce TE MEMNING AND MAKINUN SIZE OF THE SUSSCRIPTS IS AS FOLLOWS

Cosesetsse F VAVELENGTH %0 NOTE THAT F IS INTEGER
Cesssadsse | STORED RAY L. J ’ '
Coossscsse Iy [NPUT RAY Se9

Coseoesess  SEGRENT 200

Coecssosse K BOUNDARY 200

Ceo-covvee P BUUNDRY PHNTR 900
Cooccstone | REFLECT TYPE 20

Ceosevases Law TYPE 20

Cosssncsce r, MATERIAL 20

Cooooadose | m 5

Coesovsees i e -
Coessssscs NEANING OF THE VARIASLES 1w COMMON IS AS FOLLOVS .

ABCO(MF)sABSORPTION CUEFFICIENT OF MATERIAL M AND WAVELENGTM
Coocoesses aLs ALPrA OF RAY BEING FOLLOVED.

Coe:00toes aLK(K)s X DIRECTIONAL COSINE ASSOCIATED WITH GOUNDARY K.
Cosconcone A N=ALPHA OF MORMAL,

Ceovestece ALPuA(T)e X DIRECTIONAL COSINE OF STORED RAY I,

Coonsedsoe Al lis ALPHA OF REFLECTED RNV,

Coosesta .o 2L RAYLIN) SARRAY OF ALP«A FOR JPUT RAYS,

Cosv00000e ALRFs ALPHA OF REFRACTLD RAY,

Ceessoscose PEs NETA OF RAY BEING FOLLOWED,

‘Coscsstone BEx(K)s ¥V DINECTIONAL COSIME ASSOCIATID WITH SOUNDARY K.

Coccoctoge BELsAETA OF NORWAL.

Cosscssece gEn= BETA OF REFLECTED RAY,

Coonescone PERAY(INI=ARRAY OF BETA FOu INPVUT IAVS._

Coscoesces RERF= BETA OF REFRACTLD RAY,

Coovcscose BETALI) = Y DIRECTIONAL COSINE OF STORED RAY I,
Cossasssce COORDSIINDeN)= SIX COOMDINATE LIvITS FON SOURCE N,

————Coosescsse PDEVIJIe DEVIATION OR ENROR FOR SEGRENT J,

Cossessese DISs DISTANCE FROR POI~nT TO INTERSECTION,
Coessescss Dx(K)s DISTANCE ASSUCIATLD WITH RACUMDARY K,

. Cocssatsss Drins NININUN JNTENSECTION DISTANCE FOUND,

Coesaesose D= DISTANCE BEINEEN TOP AND BOITON ROUMMARY,
Cosnnescns E(].F)= ENERGY OF STORED RAY [ AT WAVELENGTH F,

' Consonesss ERASE(F)= WASE EXERLY FOR RAY AS A FUNCTION OF WAVELENGTM,

Coesoosnge Ex(X)s ECCENTNICITY JF WOUWARY K IS A ConiC, !
Cosseesisss ELANIJI® SCALLD ENERGY DEPUSITED 1IN SECENT Jo
Cooesevees ELAMATINI= SCALED ENERGY FOR MATERIAL Mo
Coesoosacs EraT(N)s ENERGY DEPOSITED IN MATERIAL M.
Coo0es0ese FAERGY(J)e SEGMENT EMENGY,
Ceeseessse EPSs Suall DISTANCE FOu mOVING RaY POSITION OFF OF QOUMDARY,
[ Lottt ESNIL:-‘)C RAY ENERGY FOR LA%P TYPE LN AMD un:u:-sm Fe

R OF YAVELENGTNS(INTEGER) ,
Coscsesese Gas OF RAY SEInG FOLLOWED. o
Cosssesese GaK(K)s 7 \DIRECTIOKAL COSINE ASSOCIATED wITH BOUNDARY Ke
Coscsesces GaAMMALILS
Ceesostosse GANsGCA'MA NORMAL,
Coosasosoe Galls Ghrema REFLECTED luv.
Ceos00000a GARAY(IN)ARRAY OF GAFRA FOR 1Pyt naYS,
Cocosescoe GinFs GAmnA OF REFRACTED RAY,
Coscecssce IFLAGII)= FLAG INMOICATING IF ST“O RAY ] IS LIVE OR DEAO.
Coescscccs Iraxs MMBER OF RAYS SIORED.

C3
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Coososnsess

Cosoasoese
Cressetsae
Coessstsee
(oossassse
Cooosetece
Cessssence

/

/)

Ia0us PPESENT RAT IMDEXe

1oPTs OPTI0L FOR PRIMTING EACW SAY CREATED.

IPOINTI(N)=A POINTER POIATI6 TO FIRST STORED MAT FOR SOURCE N

IRs LAST SAADOR INTEGEM USED,

IRaTs RAY MOER BEING TRACEC.

ISHAR(N) = MUYBER OF RAYS TO CAEATE FOR SOURCE Mo

ISORILM) = INDEX OF SOUSCE TYPE FOR LAZP TYPE Lie

JF(J)s FIRST DAUGNTER OF pOTiER SEGMENT J - ;

FLtJd)s FLAG INOICATIAG IF RAY DEPCSITED ENERGY In SEGENT Jo

R (JPs LAST DAUGHTER OF MOTHER SEGHENT J, . !

S*iJis NOTHER OF DAUGHTER SEGUENT Jo

JUAXSs WARINURN SEGHENT MrGER,

AiJ)s nEXT SISTER Ix nEIRAICHY.

JAOWs SEGMENT RAY IS Im NOe,

JCLD= SEGMENT RAY WAS Ik,

JPJis PREVICUS SISTER IN nEIRARCRY.

JRAV(J)e MUNIER OF RAYS WnICw WAVE PaSSED THROUSH SEGMENT Jeo

JSORIN)s SEGHENT RUWGEHR OF SOURCE MIadER m,

KenO (KP)= BOUADARY AMrSERS FOR SEGCTENTS. )

KFLAG(K)s FLAG IWDICATIAG IF GOUMCARY K wAS ALREADY BEEW

KInT= BOUNDARY BEING COMSIDERED FCR INTERSECTION, v

Kvaxs FAXINUN SOUADARY MW3ER,

«\O»= BCUMDARY WHERE RAY INTERSECTED,

xP(itx tWDEX POIRTING TC QOUNDARY MMBENS FOR SEGREXT Jo

KTv>iK)n GEOVETRY TYPE FOR BOUNDARY Ko

1a-cik)s Larp TYPE smuwofR FOR SOLSCE AUWSER N,

La~ZLE(LN)= INDER GF AAGLE ROUTIAE FOR LarP TYPE LN,

LRESLIK)= REFLECTION AUPBER ‘FOR RCUNDARY X, -

LIVPEIL) » WEFLECTION TYPE FOR AEFLECTION MMSER L.

¥AT(J)s RATERJAL MOWBER FOR SEGERT Jo

WELIM =FLAG INDICATING IF RAY DEPCSITED EMERGY Im saTEwlal ®,

prAXs PARIMUS maTERIAL MSER,

AvaT{P)s SUSEER CF RaYS TrAT PASSED TnR0UGH MATERIHL W,

AM\Des SOUSCE AOW GEING LSEDe

ASORs WAXIW v SOUSCE AWSExe

ALvRAT(J) s AL ~JER OF RAYS TnAT PASSED ThaQUGH SEGrENT Jo
PER= PEFCENT OF RAY TAASKFITVED.
PFpiLeF)s REFLECTICN OATA FOR REFLECTION L ARD SAVELENGTM Fo

» Esr(m)s INDEX OF SEFmaciion FOR saTERIAL &,

SzamaT(n)s TERM MEEDEC FOR ERNOA 2NALYSIS.

SiLvsa = SUATION OF AAY EnERGY.

SiwAAY{J)s TOTAL EnENGY DEPCSITED IN SEGeENT J ST OAE RAY,
SLaSM(J)s SUw OF RAY EMERSY SQUARED IN SEGFEMT Jo
TITLE(I2) = VARIABLY ALPRANUMERIC TITLE wnICn DESCRIBES BUA,
yeaT(N)s VOLULE OF mATERIAL o, .

VCLIJ)® VOLUYE OF SEG»taT Jo

X(I)® X COOSDINATE OF STORED Rav I.

Ai= POINT USED FOR FInDInG POSITION AMD IMTERSECTION,
Axix)s X COCIDINATE OF POINT ASSOCIATED wITH BQURCARY K.
ALA%IF)S ARRAY OF BAVELENGI®S,

InQs= X OF INTERSECTICN POIAT,

I0LDs X OF STAXTIAG PCIAT OF Sav,

EBAY(IN) s X COZROTAATES OF InNPUT BATS.

Coossstoee
Cosooad
Ccosove ;000
Cosssssses
(Cosssacsss
Ceessnsape
Cronesdens
Cososneose
cm”....

IGEFs I OF REFLECTED BAY,

XTRaNe X OF JRANSHITTED RaY.

YiI)® ¥ COOADINATE OF STCRED Ray I.

YI= POIAT USEC FOR FIADING PGSITICN AND IATERSECTION,
Y<(x)s ¥ COCICIMATE OF POInT ASSOCIATED wITH BOLASARY Xe
04 v OF INTERSECTICN PCINT,.

YCLCs ¥ OF STAXTIAG PCIAT OC Rav,

vEaviIN)® ¥ COOHOINATES OF INPUT LTS,

YAgFs v OF REFLECTED Rav,
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1
A .
3 -~ Cosonetens YIRANs ¥ OF 7 ITTED mav,
‘-:; Cosessssce 2(1)s 2 CoO=DINATE OF SToRED may 1, \
5 Coooasssce 213 POINT ussn FOR FINDIAG POSITICN Anp INVERSECY Yz,
& Coesesocss 74(x)s 2 COCRQINATE OF 'Oll! ASSOCIATED wiTn EoCany x.
x:. Cootesosee 71 sm(mle LASER SAVELENGTH OF FATERIAL N,
i Co0000%200 Za0un 2 “‘i.ftmil“ PoIaT, )
3 Coeves-cos ZoLD= 7 OF STARTING POINT OF Rav,
Coosersngs Juav(Inge 2 IMATES OF Ineys RAYS,
; Coeveccess ZorFs 7 OF REFLECTEL Rav,
i Coesectsse 2iRsns 7 o R YSHITTED Rav,
Cowmgn 749/ (200200  Larmav(see) +8CRAY (508)
I +CO0RTS(6.59) o£140.200) oEBAaSZ (200) oESOR(20,200)
2 *GANAY (5¢3) sRED (2002000 oTITLE(12) o¥rAT (29)
\ 3 svorL(200) . (200) oERAY (S09) sYRAY (Se9) -
& oIRMAY(599) . .
/ : 78M2YSy Aux;on : sAlPwagag) +BExX(200) ]
[ ] omFTaiag) oDEV(230) *DK (200) €K (2009)
[ 2 ofLA~:200) sELAvA3 (29) oEMAT (20) oEVERGY (20¢)
"0 3 Jgaxe2E0) 06N (49) sBEF (20) *SOMMAT (2¢)
4 JSUFRAY (200) «SURSCI(299) oX(a0) o kK (200)
S sVia®) YK (299) oZ2ta0) oIX (200)
6 oIlang2y)
IARRAY/, IFLAG(s0) o 1POINT (50) .
olsnax(sg) s JSOR(20) o JF (200) o JFL(200) »
SN (200) 2 JR(200) o JJN(200) *P(200) .
SJRsY (2¢e) * JSOR(S9) ,9XBAD (990) vKFLAG(200) .
oKP(200) oXTYP(203) slanr(Sg) oLANGLE (20) .
SLAFFL(200) oLTYPE123) sMaT(209) oNFL (20) ™
\ Y (29) SAL¥RAY (200) :
aREwS/ gy sy m sALR oALRF o8E ®
*Stn oJER oQERF (L] L J oBNIN 02 PSS
o6a oGAN o643 oGaANF ’ oPER .
oSueqa x3 o ALY okCLD s AREF okinaAn oyl .
*Yunrs YOLD o YREF oYTRAN oZ1 .
o Zuna oZCLD oZNEF olTRAN
Corednsirazars Frmax - eImax o 0w e
elopaaY LICPRAT  LIa slaay T} o SN JOLD
SKINY oKFAN LY oMRAX ol ls *MIDR
INTEGER FoFmax -

Conosotens Jug L2:5F LPRESED COrvOn LOCH IS FORCED 10
COesostece LCATER It panx 90 Trus REEPING Tuf
Cooosassge )s FASTER,

Pk, 190y 7697
C”"'"".ﬂt:l’:ﬂ Tef MIRLREy CFov0n ALOCK. WAL)AP OT-¢m siceae, g3
CO000200.e 2T SET 19 2680 OV LODINGs IT =, ST ag Sl'.n.l}g. -3,

DIrEASICA DY (239321

EITvALEACE (L wY())o88C0(]))

Tiet o TRegLEi TeN

9 106 180]1.,23932

BUrwr(]a) = ¢,

1 4 (%
CM‘Qfo IPUT CATA-AMD SET w2 'm(-o
A (7

(o..«s:.'.'; :rft Tr€ MEXT RAY TD AE PacCESSE",

CaLL Rav(IFiG)
c.::..n:.'n If TeE<f a~E MO WCag RavS @ TO )e2.
Covocetees bETEaaInE eabow SEGRERT CONTAINS STAZ7InG POINT OF mav,
Coomassecs Te eea et Mmin 1S iihe THE mAY IS QUISIDE THE SYSTEw.

3110600001 .

cwlﬁo rjg '5]~1°u-(i£ TAY JATEMS. “TS TWE NEAREST BOUNDARY,

LOAD OvEm Twg
PuCCagsrs I panx Do Smprme

9




omoe

T 191 CALL Boim0
Cooscctese DEPOSIT EMERGY [N SEGWENT maY WAS JST C2S3SED,
P0S

- CaLL OE
cuoooO:loc OETERNINE whICw SEG”EnT GOQTAIA'S TRAMSNITTED Ravy,
CML SFGeT i
Cososcsecs GET DIRFCTION L CGSINES AMD EngnGY OF RESLECTED 20D
2% JEAASHITIED RAYS, PLAY KUSSIAN ROULET iF CITER R-ves
Coessosace gagagy LEVEL IS BELOw CHOSEN VALUE.
SCUnCE

165 Carg
Coecvorrcne DETERMINE IF nEw maY 5§ NEEDED,
CaLL OEcIDE(IFLG)
IFcIFLG) 10110 300
102 Ceavime
Cosesocnse pRIAT Fixag con SERI-FIAAL) AASERS,
CaLL g0y
TIsF o TINg « TINELEFT())
PRINT 19, TINg
10 ;l'n-utun *1THEXECUTION TIvE *F8.3:80 SiCONpS)
(. d

Coeos0sece £::0n COMDITION, RAY sas§ E5Carep SYSTEN,
1 { :Au. RPRNT(en  ZaP)
To»

(78]
\

I
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AY
SUnaoun-% u&tsmg.mu /
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c- 28€ : »280che
Cossesscce SURNGUTINE ANGLES CALLS Tné DESIRED AMGLE ROUTINE,

Coosseoeqciee ap

Comvce, 169/ ABCO(2¢4200)

1 oCOCILS16,50) +E(400200)
2 +GaARAY(580) oRED120+200)

3 wvOL(200) oXLAN{200)

4 +29AY(5Spe) T

COmon ,amRavSs aLxi2e9)

1 oPETAC4g) ou'llz..'

2 oELA™(200) oELAMAT (2¢)

3 s6ax(290) C oGAMMA(48)

4 +SUTRaY (299) sSUNSCR 1 290)

S oVta®? oTK(20%)

6 FLAm(2g)

COrwpnys ) anmays

olSwax(sg) o JSOR(20)

o 1200) '(200)

o Juav(200) 2 JSOR(50)

k> ¢29¢) kTYP(200)

*LagrL(2ee)  JLTVPE(20)

olav(2¢) oMPIRAY (209)
ARANS aL

L 1Y oBER oDERF

[ 7Y oGAn o6&

oSysra X3 o KnOu

oY« o YOLD o VREF
oZuny o 20LD oIREF
COowvOnsIPARANY, Fuax
oloraay ,)0PanY L]
KAy oMLY it
INTresm Fofrax :

*ALRAY (500)

oEBASE (200)
*TITLE(22)
o XRAY (S00)

sALP%A (4 0)
DK (209)
'EMAT(20)
oREF (29)

oXis@)
oZ{e®)

IFLAG(40)
o JF(200)
sJJui200)
oKD (900)
LW (Sg)
'MAT (200)

oALM
oD]3S
(17 4
o ACLD
oYTiAN
oZTRAN
slmax
o lRAY
oMNAX

Cossevssce Gey Lava NUSBER FOR SOURCE 0w,

LYsL AP ( aag0w)

*** GET MPBER OF MOUTINE TO CALL.

LAsLANGLE (LT) ‘
CSessseecs 6o TO DESI-D CaLL,

60 10 (1e0.2¢* *30304000500.000

100 CALL ANGLEN (1-.2m])
60 10 11¢

200 CALL AMGLE2(Tw,PNM])
60 ‘10 110 o

380 CALL AAGLEI(Tw,PH])
‘60 TO 130

400 CALL AAGLES(TM,PH])
60 70 110

S0 CALL AMGLES(TH.PN))
60 10 11¢

600 CALL ANGLES(TH,PH])
60 10 110

788 CALL AAGLET(TH,PH])
60 70 11¢

800 CALL argLES(TH.PM))
60 10 110

080 CALL ANGLEY (TH,Pw])

110 RgTRW
Emp

sSERAT (509)
oESon (2..20.}

o¥Nal (29)
*YRAY(Spg)

oBEK(200)
ofX(200)

'KNENGY (2¢9)
*oSAMAT (2¢)

oK (200)
oIK (200)

*1POINT (50)
o JFL (200)
P L200)
okFLAGI1200)
oLANGLE (29)
o"rLi20)

oALNF

L—m—

L
s XTRAN

0708+800+900),La

ovl ’

oJOLD
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7 \ SURRQUT INE A8SORP([aB,w)
c- P & L ] =-L).JD’.-..I..““!..
)] \ Coaosscese SUBAOUTINE AASCH> CALLS ThE OESIRED RCUTINE FOR GEXER:TIns
c ce° ARSORPTION COEFFICIENTS AS A FUNCTION OF “AVELENGYH,
X c. . Y & L L 4 L - +*Sa90Qeed:
T COmn0n s¢9/ ABCO(20+200) ' saLmav(See) oBERAY (52
1 +COORCS(6,55) oE(s00200) *EBASE (200) oESOR (20,2 3p)
HL \ 2 +GARAY (S89) *RED(20:208) *TITLES12) oVNAT (29
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| ; $ iimmavi200)  oSUmsORE2000  ex(ae) 21K (200)
= g i S Jvise 'YK (200) 22440) 22%¢200)
6 ' ZLAN(2g) :
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SCOSTANTHZ oDTHZ
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SUBROUT INE B«DOAT
(008009 0000800004E 0000 L 800e

Creeastrce SUBTOUTINE BZIAT REACS mlll CATa Aho SETS YP g2

*03se00udt 000
2R1ES

Coe 'S B0t Lo 00due 050692 - 2unbasave

Conmon 7697 " 42C0(2C0200) SALRAY(580) eBEAAY L6,
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& oSUMRAY(200) +SUNSOR(200) WX (40) __o1K(200)
S «v(80) wxi2e9) oZ(40) 2IX(200)
6 J7LAN(2¢) ’ . 5 -t

COmnON/IARRAY/ IFLAGLA8) oIPOINTISE) T,

o ISeaAX (S59) » ISOR(20) o JF (205) s JFLI200) *
QL (200) *JN(200) ' JN(200) *JP1200) .

- SJUAT(200) o JSOR(SE) oKBND (999) . oKFLAG (2840) .
*p (700) oXTYP(200) | oLAP(S9) oLADGLE (20) .
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st ez ) oMUNRAY (200) : ’

Coswe/p a »ALN oALR oALRF oBE .
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Coosesbene IF RAY ENERGY LESS Tian 001 (BASE ENEMGY) s SKIP CALCULATIONS
IEFLASse .
~ 00 116 Fa].Frax °
IF(E(1oF2 ~(1oE=I)SEBASE (F)1115.11S,118
11S.El)eF)=0.0

€ Yo 3%a : :
116 1ERL 1 / . -
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oSueaa X1 * XN0w *X0LD o KREF oXTRAs ovl *
oYnp4 o YOLD + YREF o VInkn oll )
oInow +Z0LO oINEF o ZTRAN ¢
. GOm0y IPARIN/, FRAX eImax o In0w [
- olomaay ,j0PMMT ol eInAY oJNAX o JD» oJOD o
oXlntT o KPAX o KNOu shmax o MO +NSOR

INTEGER FoFman « .
mm‘.m.‘olliﬂl'iﬁ’lﬂ'iﬁflmlmIOIu"xuomlfo
.'slz."‘“.s'“l'“I'l'lIW.‘SItS'“.“’hI"‘S‘“IM..”‘*
SCOSTANSTHZ sDTHZ \
CSTHaCES(TH) 7 g :

ShTusSIN(TN)

RCSTH=EMDSCSTH

"Sa TrHsRUDSSNTN

c’s’llﬁnlmmm)’m

RETURN -
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SUSONUTIVE OHECK(REG AL BR,66)

Coesootecs SHRQUTINE OECK ASSUSES THAT g Sun OF THE SQUARES oF A
Coesostece SET OF DISECTIONAL COSI‘ZS‘_M ur T8 g,

Coosses .
OALzAfee2:BR00 256002
Coessstocs IF THE SUm OF TeE SOUANES IZ L£SS Tz 1.£«3 60 T 132,
IF (2B3C0ME-] 0) =2, E~2) 18201020181 "
101 PRINT 1040€6eAA.83:66:00E ‘
160 FXXQAT(In A8 4E1Z.6)
Coesecccse ER:IN [N DIRECTIONAL COSIALES, i
;:u E0rauT (e ECK
o> ' | !
Coassstass 4D ST ALMMA TO MAKE COSINMES MORE ACCLRATE.
Coeosassse Ap ST COSINES
162 SQaSORT (ONE)
Aa=rirS0
Ba'=/SO : o
G6atE /S0
106 RETURS
. Em

PPy
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°
epedsoetee soc0evsesss

“ ce ceconmed s -
Ceasnossee SUBROUTINE CanOR F1mpS 1L 3 OIRECTIOMAL COSINES
Coososee,s ¢ THME NORMAL 10 a POINT Cm & comg. .
, Ce .9 08 0® it * * . Qoe..ﬂqq..
Comvon g9/ ABCO120+290) oALRAY (S00) oBERAY (590
1 +CO0RDS (6,50) oE(20:208) oEBASE (200) sESOR(25,288)
2 oGARA: (299) oREDI20+206) oTITLE(12) s¥mal(zg)
3 JvOL (200 oXLAN(200) sXHAY (580) 'YRAY (Sg9)
4 o2%v(590)
. COWON /ARRAYS/ ALK (200) o/ LPHA (49) o8EK (209)
1 «RETA(Sp) sDEV(200) D1 (200) oEX (200)
e oELAN[299) oELANAT (29) oEmal (29) otkt?(-'.".::,-;
2 scax(200) v6AMA (49) *+REF (20) oSORMAT (29)
4 'SUMAY(200) sSUASOR (2¢9) *X(40) *AK (208)
S evism 2 YK (200) o2040) 0ZK(208)
6 o7LAu(2y) ! o
COwon /1 sRARY/ IFLAG(48) o IPOINT 1S0) »
*Israx(sy) o ISOR(20) o JF (200) oJFLI200) .
SR (200) e JMI200! o N(200) e JPI260) .
®JRaY (209) 2 JSOR(S9) *K8ND(900) oKFLAG(200) .
*Kp(200) oXTYP (200) olarp (5g) oLaxGLE(20) »
SLREFL(200)  oLTVE: 20 sMAT(209) N (20) »
oNNa T (29) oNUBMRAY (2099
. COnwON/PARAWS, AL oALN ALR 4 L apr Yy .
SBEn oBER oBERF e01S 1 ) (] 202 oEPS .
oGa 0GAN oGAR oGARF oPER . N
sSuems ,xg o XNOw sXoLD o KREF oXTRAN ov1 .
LA L %] oYOLD oYREF o YTslan okl °
20y o2CLD o ZREF o ZTR4AN
COve0N/1PLRAY/ Fauax sImax o J0w . F
*16PRAY ,JOoPRYT sln o IRAY e JMAX o JRON . wJOLD
L. 9(%1 o XNAX o KnDw oMMAX o NNOu oNSOR
INTEGER FoFrax
OEL X=XA w1k (X)
OELY=VAL- -vk(K)
OEL 7=200w-2x (x)
S0=S0nT (0K (X) s e IDELX®®2.CELY®®2) 0 () upxix) Jee2epELZe)
Cooveoseee CaLcoLarte DIRECTIONAL COSInES oF AORmal . '
ALASOX (K) *DEL X /S50
. SEA 0K (K) *DELY /S0
m.(ucnol.uoonuso

CaLL

CHECK DIRECTIONAL COSINES
C-ECK (6HCamOR

CALL DEBUS (6nCrmon )
RETURN

ALNoBEN ¢ GAN)
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SORRC. TINe SCAREF (LL)Y

3

1

FEsz] .8«REDILL 1)

RETURN
Emp
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SOmeg~ 769/ ARC0 22+-236) ..&,:u\ml oBLARY (S00)

: oCCCRECS(650) oL (0002008 sZELSE(200) +ESOR (20,2900
2 +RARAY (500) +RED(28:268) oTITLESI2) oAl (29)

3 ¥nL(200) oNLAN(200) *RRAY (5CE) oTRAY (506)
& JIRAV(538)

Clerdn sARARYSys MLKC200) oMLFrL(40) +BEK (200"

1 oBETA.&0) «DEVi28¢) DK (200 oK (269)

2 oELE™(280) oELARAT 12¢) EMaT (20} oENERGT .- 99}
3 FAK(208) oGANnA (08) oREF (20) oSNNS 28
S JSPRLY(200) SUNSOR(209) 21140) +IN(200;

5 oviag) 2 YK (208) oZls0) o 2K (200)

6 o7 LAN(28)

COseDa/ Y ARRAY/ IFLAG (4 0) ¢ 1901161 158) .
2iSwax(cg) 0 JSO2(20) o JF(200) o JFL(.80) "
*R (283 oJJL250) oI (200) o P [/00) v
Sav(2ee) * JSOR (58) oS0 (908) oKFLAG (200 ]

. eRP(268) ok TYP(ZE0) LA (S9) oLANGLE 128} P
SLSEFLI204) oLTYPE(2§) oRATIZ00) oFL (29) °
oA (20) oMNRAY (200} B

COrwOus/PARIwS aL NN oALA o ALRF ofE
o8Ea oBER oNERF . 201S oOnin 0L ofPS
aga o6AN ‘0GB o6aRF ot R .
oSiaAq8  oX] o KAOw oXELD oR5F { oKTRAN V]
oYNCa 2 YOLD o YREF o YTntANn o2l .
oInla +Z0LD oZNEF olTdAN
* Cowedn/IPREASY FRAX sjrax » 10w .

e .0PIRY o ICFRXT oIR ) o JRAY o JMAK o Jpns o JOLD
L8 1N | oiPAT o KAQw ompAX ohiDN oMSOR
TINTEEER FoFmzk

Cossatdose SET PERCENT OF TRALSHISSION TO an IneuY conSTanT,

&
» Wy o



Sl
R P ok o

SupROUY .I..Pl()
Coseettogreriy CO00807 000000000001 00008000 0000000900000060000C 3800
Covorcasne SURRGUTIME COM.L ' CALCULZTES TnE DIMECTIONAL COSINES OF TE

It

Cosessdsse w 70 a POI*: ON lii SURFACE OF A COwIC,

Penesee seoee s0s0n0ee esecessseite

Copvon 769/ ABCO(200208) o LLRAY (588) oBERAY (598)

1 +ONCNDS(LcSP) +E1468,200) oEB4LSE (200) oESOR(28,2808)
2 1GARAY(506) - JMED(28+2088) oTITLECI2)Y 'WmaT (29)
3 +Y0L(200) . o KLANI208) o AMAY (508) ' YRAY (5 9)

. & oIMAY (588) .

COreON /ARRAYS/ ALK(208) sALPHLE (40) oBEX(200)

3 oRETA(4E) *DEVI2E 8) sDL(2008) oEX(208)

" 2 +ELANI208) oELAMAT (28) sEMaT(20) oENERGY (209)
3 (6AK(200) sGAMNRA (40) oREF (20) oSORrATY (20)
6 +SIVRAY(2908) oSUNSOR ( 209) oX(48) oRX (200)

S 1Y(48) 'YK (200) o2068) o 2K (200)
6 'JNAN(29) ’

JARRAY/ IFLLG(40) o 1POINT(S0) .
ojsmax(59) + 1SOR(20) o JF (200) o JFL(208) ™
oA (280) 1 JN(200) o Jn(288) 2 JPI208) ™
L5 1A ] (Ml o JSOR(50) oKBAD (9081 oKFLAG(280) ™
KPP e8) oxXTYP(200) sLanrP (S9) sl ANGLE(208) ™
SLPE 1 (200)  SLTIYPE(20) sNAT (200) oRFL (2¢) .
AT (20) O JMAY(260) '

COomONsPaRans/ ay sALN oALR o ALRF ok
ofEw M1 +DERF *DIS 10 L] oDz o¢PS
o6a YL 1GAR ° sGARF oPER []
sSyvas oX1 o ANDu oXCLD oARCF .l!m ¥l
‘:x «YULD o YREF oY TslAN ol [

L 220LD oIREF ~ o1 TRAN

COm K/ IPLE ANy FoAX s Imax » JOW [}

*JOPRAY J0SiMmT  HIR o IRAY P TS o JNOw «JOLD
oXIxT oKmAK o X00uf » MRAX » Dy oliSOR

INTFGER FoFMAK

Coosastses CalCULATE LENGTH AND COSINES OF LINE FAOM FOCUS 10 POINT,

OXsx2504~KK {K)
OVavnQe-yX(K)

R=SoRY (PReS2eDYe02)

ALsOT/R
SEL=DY/R

CALL CrECK (6MCOMOR o ALL s BEL 98+ 8)

Cosoestses CALCULATE COS AMD SIN OF ANGLE FRCH AXIS TO LINE pa0N

Coestestese Fecus 10 POINT ON SURFACE,
COSTHEALK (X) SALL +BEX (K) SEL
SINTueaALK(X) SBEL-PTK (X7 oALL
ocuso-ul.o-um--z-z.o-:-m-cost-:

Coesestsee CALCULATE COSINES OF AORMAL 10 SalaT ON SURF ACE »
ALk (ALK (X) *COSTH-BEX (X) *SIATH-EK{K) *ALK (X) ) 7DEN
GEAs (AL X (K) *SInTreBEK (X) *CCSTHEX (K) *REX (KX) ) /OEN

[TTET)

Coosestess (K DIRECTIONAL COSINES,
Ca . O ECK (GHCOMOR s ALNSBER 0 GAL)
CALL DERUG (6MCOMOR)

RETUAN
(1]
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Creeictoguac.; s ® b

S i e r—omsaatel ‘ i, e e e e e

SUBROUT INE CYL

COvrcocane Cyi waMDLES CASES WHERE COSTan IS Smagg,
Coesscscne Pz~ ofF mELIx INTERSECY JOM Calcualion,

Coonooccoer * . a0e
Cmde, re9/ ABCO(20+2%0) MLRAY (500) *BERAY ¢S99
1 «COORTS(658) oEC400200) oEBASE (200) +ESOR(20,2p0}
2 +GARAY(500) oRED(20,200) *TITLECI2): s WRAT (29)
3 JyoL (208; oRLAN(200) sRRAY (580) +TRAY (S549)
4 o784V (530) .
CO=0N saRRAY S/ ALK(200) oALPHA (69) oMEK(209)
I ePETA(SS) '_ *DEV (200) 0%(:.90) ofN(200)
2 oELAN{209) oELAMAT ¢29) eEMAT ¢ 20) om“VIZOC)
3 Jcax(200) oGAMRA (48) oREF (20) oSONNAT (29)
S +SIMAAY(200)  SSUNSCA(209) oX(00) oR2 (209)
S ovies) YR (200) °2048) oIX(200) -
6 o2LAN(20) )
COr<Gn/s1aRRAY/ IFLAG(40)/ «1POINT (58) .
(5 < T3 {{ YY) o JSORI2M) o JJF (2007 o JIFL (200) . '
SRk 17¢0) o JN(200) . ' JR(200) / o JPL200) .
SRavizes) * JSOR (50) oKBAD [999) okFLAG(200) .
oXP;2c0) oxTYP(200) 'LArP (50) oLANGLE (20) .
SLRFFL(200) *LYIYPE (20) omAT (299) oML §20) °
oy (20 *IMEWAY (200)
ComaON/PaARANS /s AL Y 'L} 'ALR o ALRF ofE ° ;
L 1Y oBER oSERF oDIS = pufm o0z FPS
oGa «GAM s Eam it o iR [ ]
oSusma o X1 o ANOE oAQLD oENEF »ZTRAN 34 .
*Ynpy sYOLD  ,YREF oVTolAn 21 ’ |
o2nov ZOLD o IREF +2TRAN !
COmsnyu/IPac 2ors Fmax -o JmaAR o 10w )
*jorPRaY LICRNT LR cIRAY sJJNAX o JNQN JOB o .
L. $(% oKIPAX o KNGe oMmAR o MAOw oNSOR

12

INTEGER FoFmax .
HELCOW/ A, ARAR0.0] -llP-D-m-&t“«ﬂn&u-m.ml?. ¥
.'Sll.'l{'oMoS"loml“ll osﬁ'q'w'“'lu“num"hmu'.ﬂuo ,
OCOSTAN THZ +D %72 '

CONT Inug
Coscossoss CALCULATE STH AND OSTH

CaLL soFTn

Coovessace CALCRATE TH AND DELTH

CALL TrOFS

COesentese IF JTERATION MAS MOT CORVERGEID, 60 10 12

’

1e

IF (ASSIDELTH) «6Teo01) 60 1D 12 .

DEL S=SCRT( (aee2-2STH) /(] .-COS!AIOOZD ]

STCeSTn ‘
14 IGIKOZ.MS-LI.O.D RETLA .

- IF (STHC=2,PDELS 6T DNIT) }I!Ilh

SThaSTuc-DELS .
==* CROGRAIT IRTEASICTiON DiSIANCE.
CaLL acm

IF(STH,LT.0) 60 TO I1e

IFCQYH.GI.WI‘" RETURN

ONITaSTN ¢ :

T !
CONT InuE 2

STuaSTMCADELS .

Coesencsce Fiap OTHER INTERSECT 10% 3

Calr. acTL
IF(0eelToSTH «AND, Sl’llol!.l!!ll!) OniTsgTN
RE TURN

cz1

-~




s s et e

SUBROUT INE CYLMOR (X)

BT O (233X T Ti Yy Y . 2 fesee 2909 0000% 00080
c......... CYLAOR CALCULATES ouiclww. qusxvs of TnE MORwa| Tp A
Ce - svecesdesess
Coassstse: poINT ON TrE smnc: cf a cvuql.
CoweOn 769/ ANCO(200200) oaALmAY(%00) .ttauuson
1 +CO0RC16050) HE(40:200) oEBASE (200) oESOR(23,200)
2 +GAPAY (580) oRED (20,200) oTITLE(1IR) oAt (29)
S o¥OL (200) oXLAR(200) oXRAY (SOD) o YRAV(Sg9) °
4 oZRAY(SP8) y
ComnOn /aRRAYSs AMLK(200) 2ALPRA (40) oBEX(200)
1 oRCTaley) +DEV(209) DX (200) oEX(200)
2 PELAN(209) oTLAMAT (20) oERAT (20) , oEMERGY(200)
3 oGaN{200) *GaNRA (40) oREF (297 *oSBIMAT (20) X
4 oSIPMAY(200) S SUNSGR(200) *X(a0) o XK (200)
S oY (48) YR (200) o2 (a0 2 I 200)
6 TLAN(29) .
COmeOn/1aRRAY/ IFLAG (49) sIvolinresey
oISwax (S0) 2 1SOR(20) 2 JF (200) » L (206) .
o (200) 2 JI12¢0) e (200} 2 JP(2£0), ’ \
524V (200) » JSOP (S8) okBAD (900) *oKFLAG(220) .
oxr (290) oRTYP i 200) h.ArP (Se) cLAAGLE (27) »
SLAEFLI200)  SLTYPE(20) smal (200) > oMFLE26) 5
omxaT (29) oNPWMAY (200) )
CowuQu/PLRANS /s a (7 L} o&. o AL ook ’
ofifn N 1] o DERF o01IS ~ 02 oEPS .
oGa oGAN oG2R *6aF oPER ’
sSumia X1 oEADw . oX0LD o REEF oRlaax 4 . ¢
oYupe o YOLD o TREF oY TnAN o2l »
oZnov oI0LD oZREF oZTRAN ' '
Cow~0us IPARAN/ Frax oInaX » In0u . >
oloPaaY LJOPENT IR slRAY s JNARD o SOV JAD
. 3. ¢ «KPAX .km ohmex o MAOwm o NSOR

INTEGER FoFrax

Coevsassce CarCumraTE CGI(; OF VECTCR FROw POInT Ow CYLINSRICAL lllS
Coenesssne 710 POINT ON THE SURFACE OF TiE C'LIM)CR.

OFL Y= XAOW-XK (i)

OEL Y=TAOM+YR (K)

DEL Z=7n.0w=2x (K)

CCoDELXSALK (1K) +DEL YOREX (K) oDEL Z0GAK (K)

Cossoccane CAILCILATE COSINES OF MOfmal 70 'cl"l' ON SUSFACE.

A= (DELX-CCPALK (K) ) /DK (X)

GEA= (DEL Y-CC*JEL (K) ) /D% (K)

GAbm (DELZ-CCo6AK (K) ) /0K (&)
Coosesssos CMECK DIRECTIONAL COSINES,

CALL OECK (GIHCYLMOR o ALNoREN 2 GAL)

CaLL DEBUG (GMCYLAOR)

SETURN

& B
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(3% TOTInE DCRLIINY
COQOO...Q ..b‘..'-‘...!I-QOC0.0.00....O...OQ.QO..OOO......O0.0QOO..C..C:(,
e Lol [ETEewiniS 8=]lw PA&T {F Twmf CCIL TC LOSK In 202
CoesrP0cige o-Trw TiZ~nIl E TC USE TT CALTRTE TrE INTEWSELTICA,
Coes-00c,0 £13 CF =513 INTESSEZTI0N CaALC. L ATICN,

(P007000000800000000700000080000000000000000000000000000000000000000r8%s

Cow=Dw 743/ 2ECOU2002505) aLBARY(S2Y) sfasvicyy)
1 2L 7A"S &S0} SEtele2IIY WESLSE(283) oESDR(123,2¢3"
2 ofa AV (IS WSET 2502730 oTITLELLIL) W WHAT (Z25)

3 sy t2:?) oFLAS{224 s ARAY (SEC) o YHAY(SES:
& o74RV(Z1Y)

CrLu=ty pL&&ERVSy  ALKI2D) e ALP=L(0]) oBEXI2¢S)

1 +ET¥2(4T) oTEVI2ID) WK 1226) R (268)

2 oE_awr210) oELANLI(23) oEweT¢2®) ENERGY (200)

3 JGac(?2:1) Y7 LXZ 3T }) oREF(2D) o SOINAT (20)
& oS ®Srv(213) o SLYSSHI220) oX{af) W AK(2008)

5 oviei: oYL (223) oZisd) oI5 (286)
6 o7_A=122)

CCw=n/slaREav/ IFLAGLaD) o 1PCINT(58) .
(2337 L3S o ISTI(2N) oK U238) o HFLI22D) .
e 12T o mi223) e MIZ28D) o P I2C3) .
O Jiupavi2re) 0JST2(52) e %@ (50 D) WKFLAGI200) .
(LD ¥ o&XT*>12:3) sLa=”(5¢) oLANGLE (20) .
sLiraL 12580 oLTY.-7:23) =AT1208) oMFLI28) .
ORre g T (2 ) e SAT(208) .

Clmw AsB T2/ AL ALY oALa v ALRF onf .
L1 Y1N o3&~ o HESF oL1S O™in oz oEPS .
L3-¥) 52N o 2AS 0627 oPER .
oS _w3a o X1 s AnCe oATLC o RizF oATRAN vl .
T IP] YLD oYREF AAL7 1Y W21 .

ol o 'Y $=8 o oI=EF o114y

C.~-"CWu/]PA5 L/ Frax oImaa » InOw .
el z3avY ¢ 1253NTY ola vIGAY e JJUAR o JAON WJRRE o
3§18 o X¥2LE oNDs awm ek o WO o NSCH

INTFGES FoFwat
Cromat/mi C2w/2.832 15001 eE1 P02 0CAR e SELTHeDELReSELYODELT o T=1T,
OHCTIT S u e =20 S TmeTre T leSs-"90utSeCSTme AT TRe-ISTrowSATm,y - 3T
LYot TS 228 Pk £ 4
C271({wSTaszse)
Coeveee. . (e _r_ _1TE PRIAAETERS AEEDET,
Fzo
ReCgnzec o APSO2
STE«S=SLRT(ReS)
PS1a2S12
YuZz25170 552V
[~ FEEIW 4
CELZ »iE: 2enP3EveCa?
F=3
12¢F=3
D"l=‘051
12 CONTIWE
Ty z=TnZeDTwZ
Yoag Toe}
C2y T=313.
Coseeorose 2,7 naTE COSTANITOS CF 2a5LE RITeEEs RAY AND TANGEAT)
Cary CISTAN
BleZ2a™Te7
CONTINE
Coev00000e (2. TU ATE S(Tm),
CaLy S757~
IF (A35.28 T=) 4,57, o1) BT TC 145



Rz (THiaTr) /DT~

1F=STm | To2,%£343) G5 YO 21
IF (A3SITELTF Y -L o882 &0 10 1S

148 ConTIL.E

Cesseteses LA CUNLRIE Tw(S),
CalL TnlFS
6) 1C 1

1S CONTIs €
IF10CF £2.81 6% T0 16
€L 2caLC
3 0 9

16 CONT InnE
!'l:rltg'l. .Cﬂ.';‘.?tl-if.:.. €5 "2 @
& "9 12

21 CONTIMNE

Cosvsvtone SEY SalTlm,

3ﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

~N
-

26

27
28

ISez481CCF el

1F (83SECCSTAND ¢ ET o0} 1Sesm Swe]

1F(P,6T.1.? 1Sez1See2

IF(R.LTe>10e) 1Se=]1See]
IF(BTnZLTeB.) 1Ssx]See]2
Coessesase Eian(~ On S¢]1T0N,
60 TO ( 234279277e25427427:25:23422423,
L] 22022028 ,23932¢20482901239%5¢
1 2 3 4 5 67 & 5§ ¢

15w " COSTan
1 [ ] S=LLL
2 =1 SweiL
3 el S=alL
. [} LASGET
S =1 LASSE
® el La3SE
7 [ ] SwalL
[ ] -] Swe L
9 el SwR L
10 [ ] LARGE
11 -1 LAFEE
12 o] LaAGE
13 e - Smary
1s -1 Swa L
15 o] STy
16 [ LASEE
17 -1 LRGSE
18 ol LA=S
L+
CONT INUE
CALL Z2Caic
& 10 9
COATINLE
L CcvL
& 10
COATINGE
CaL CvL
&0 10 12
CONTINUE
AL Cn
CaL 2¢caLc
o0 10 S
CONTINnET
10CF =)
6d 10 12
CONTINUE
&0 10 9
CONT I
CaLL ZcarcC
CONT INCE
DTnZs=" Tl
CaL 2caLC
CONT InvE
DELZ=CEL22
RE TR
Enp

DPECISICNSN

ISCF D12
[ ] .
[ ] L)
[ ] L)
[} L)
[ ] e
[] e
1 3
1 L)
) e
1 -
1 3
1 L)
[} -
(] -
0 -
[ -2L
[} -2L
e -2L
l -

TaBLE

STAY 3

23 CYL+30 YO 9

27 60 10 9

27 6 1C s

25 CraNSE SI58eZC2LCSEY
27 & Y0 §

27 e Y2 9

25 CYLoZCRALLWES 12 9

23 CYLs33 10 9

22 2CALCe50 Y9 9

28 2CALC (BJTS SI=LES 2&+E
22 Z€2L 2955 10 6

22 2CALCeGU 1O §

24 CYL+5G Y0 12

23 CYLeGC YC 9

12 &C 10 vl

26 SEY I10CF

22 ZCALT (s]lTw Th LT, T2
12

- I1»PCSS1IBLE
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§s=3I.TI0T TEELOURED)
cl f'.(‘l........ ..'....0..........M......ﬂ'......"........G..........
Co:oc.00:e S SIT_TINE £25.% GIVES & CES_Z FRINT &MU 1S CALLED FAsm
Cosoovesy - 37§ EI.TIWESe
c....liOCOGOnc.O.oo...o.....'ovo......0.0..0.0......00..0.0.....a...!...

Cowuln 7457 AEC0t2Ie222) SRLSAIVISCDD oBENAY(573)
1 oC7IaTSi6eSE., oE (602124 sE~ 2312800 oESTR(234202)
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Coo0eetooe FIL i iTn IVSEG (ETERINES IF POINTIRIWYI ZI) IS INSICE

(oenensoee SEGuwinT Wir-TR J,
Ceeoessose [0S£Gx] FOW 'ES-
Coasnotose aSEG2H FOX V.7,

COEB00000000000000000000000000000000000000aREt00ECE30EI0008000000ctsaass

Covem 7657 A=C0i2002:0) sALG2XY(5C3) oDLRAY(SE3)

1 +CNORDS(6e50) oEL490225) sEBASE (230) 2E5CR1200200)
2 oKAIRY(SID) oRED(200230) «TITLEN1ID) o¥maT (20)

3 v 208 oXLAL(2¢0) P XTAY(SE0) sYRAY(S3¢)
& ¢ZRAY(SEE)

COweCn ZASSAYS/7 ALK(208) eALPrA (60) oBEX(2C0)

1 sRETAL(4E) sDEVI283) DX (238) *sEx (200)

« oFLAMIZO®) oELANRT (2¢8) oEPAT (20) oEMERGY(200)

3 JcAK(208) o687 uL (40) 'REF (20) oSCH AT (20)

& SV (202) 2SLPSGR (200) 2X{40) o RK (260)

S sviae) s YK(200) 22(e0) o 2K (25C)

& o7LAv(20)

COvwOx/ JARRAY/ IFLAG(4D) ¢+ IPCINT(50) .

S IS»AK(Se) - » I1SCR(20) oJFI200) o JFL (200) .
*h(200) 2 J"(28¢) s (200) ° P (200) .
oIV (200) » JSOR(5€) oXBWT(90)) oKFLRG(2ZD) .
oK (280) W &KTY2(208) sL2¥F (59) oLANGLE 12¢) »

., SLREFLI20C) oLTYPE(20) o RaT(269) oRELI20) 3
okwaT(2¢) _ oNUNRAY (280)

COrenON /P LRL#SY AL oA{NM oALR o ALRF ofE .
o8En »BER o8ERF oDIS oOWIN 02 +EPS ¢
o6a 68N 26AR o6RNF oPER 0
sSuwRa o1l o XAOw o XCLD o AREF oRTRAN ovl .
SYNOY n"-u o YREF o YTRAN ol1 .
o2ngw o272 2 o IREF QALY

COweCA/IPAS .~/ FrAX [3{ 1Y o INOw .

. oICPIAY G 1{ZFNT oIR o IRAY s J¥AX o JNOY e JOLD o

K]+ 7Y e k¥AX o KNG o MEAR o MDY o WSOR

INTSGER FoFmax

Cossestoea GET ILIEX FOR BOADARY ARRAY FOR SEGwENT J,

L N

Coseee00es GET IANEX X FOR OME RCUMDARY OF SEGYEKT J-

106 Kz12RS(XEYD(IN))
Cosenesose GFY GECFETRY TYPL,
KTeTYPIK)
KS J EAKFAD ()
Cossscttes PuAKC~ ON GEOVETRY TYFE.

GO TO(100200032040C0e50005C00T760080:500)ox7

Coevoooeee IF PCIST O% DESIRED SILE
100 [(F(ISPLANIK)®KSIEN) 10201020131

. Coasssiree IF POIXT Ov DESIRED SICE

200 IF (INCYLIK)*KSIGA) 10201024101
Coeseetoee IF POINT ON DESIRED SIDE
300 IF(INCCNIX) *KSIGN)102:102.161
Ceessessse IF POINT OY DESIREG SIDE
400 IF (IASPHIK) *KSIGN) 1920102,101
Conssatase 1F POINT O DESINED SIVE
00 IF (INOA(K) *<SIGY) 180201020101
Coscaataces IF POINT On DESIRED SIVE
600 IF(INPARIK) *KS1I6N2 10201020101
Cosvoadase 1§ POINT Ow DESIRED SIDE
700 IF (INHYP(K) *kS]IGA) 10201020101
Cosvesdeee IF POINT On DESIRED SICE
[ [ ] ] lF(llELLI?CKSlH)HZ-uZ-"l
{

Coonsevuy, 1F ) i
000 1F (1argy (o one D DESIRED ST0E

(X)*xS160) 167,152
Coocesseee ¢ AT 0101
101 hrneg MEXT BOUADANY, ‘

1fF ¢« (\Hl!‘-l'lol“

[£.2 20 2 T2 TN “
103 Insgcyr o 15 IWSIOE SEcgat.

6 10 1.
Coo0s00ey, m,.r

102 Insreap
11¢ CoNTInE
| RETURN
Exg

4

IS WTSIZE SEewEaT,

Iyl

CcF
oF

cF
OF
CcF
CF
OF
CF

PLANE. 60 TO 101
CYLIKCER, 60 TO 101

F CONICs 6O TO 101
F SPHEREs 6C T0 101
S COME  + GO TO 161,

PARL3CLOIDs S0 TO 101,
WYPERSOLOIO. 0 T0 101,

F ELLIPSOIDe 60 TO 101,

WELIXe 60 TO 101,

% C56

(13



FUACYICN INSPH ()

o,

c...oooo.ooo...ooooooooooooooooooooooooooo..oooooocooooooooooo.o..o.....
Co=cocsose FUNCTION ]I+SPH FINDS IF POINT IS INSIDEC SPhEAE,
c..oooonoooooooooooooooooooooooooooooooooooooooooo‘oooooooooooooooooooo'
sALRAY (500)
sEBASE(202)
'TITLE(L2)

o XRAY (500"

ComvIn 769/
1 oCOORCS6:50) oE(400200)
2 oGERAY (500) +RED(204200)
3 JvNLI200) e XLAM[200)
4 973AY(500)

CO~vON /ARRAYS/  ALK(200)

1 sRETA(40) *DEV20))
2 oELAY(200) sELAMAT (20)
3 6AK(200) 06GAv“A (40}
4 JSUYRAY(Z00)  +SUMSCR{230)
S wvis0) YK (200)
6 27LAM(2)D)
COumIN/IAS-AYY
oISvaxisg) »1SCR(2Y)
SN (20) 2JM(200)
®JAxv12¢0) -9 JSCRI53)
®KP (200) IXTYP(23D)
SLREFL1200) LTYPEIZ2D)
OKMAT (20) oNJMRAY (200)
ComuCn/Peatms/ AL
eBn 9AZR ' HBERF
*6a o GAN 2GAR
oSy~vaa oX? 2 X\Od
13 L) +YCLD » YREF
LY NP o 20L0 o ZREF
CovuCn/IFaRavs FHAX
oJC2AAY L ICPRAT o IR
oKIAT o KWAX o 9 KNDOW

INTFGER FoFuax

ABCO(20+200)

IFLAG(40)

sALPA (49)
DX (200}
sEMAT (20)
+REF (20)

oX(ad)
22(40)

s JF (200)
2 JNL(200)

XAV (90D)
sLAMP (59)
»»aT(200)

sALN
o01S

o 5ARF
o XCLD
e YTRAN
o ZTRAN
e ImAX
o] 1ty
ol AX

9BLAAY (S00)
vESCR (2042000

sVEAT (20)
s YRAY (500)

+BEK (200)
vEX(200)

vENERGY (200)
+SGRMAT (209)

v XK (200)
vIK (200)

o IPCINT (50)

© e JFLI200)

oALR
oDMIN
o PER
s AREF
o1

o InOu
s JHAK
o NNDo

» P (200),
sKFLAG(200)
sLAAGLE(20)
oMFL (20)

s ALRF
»0Z

»
'|X!Rll
.

’
o JhOw
oASOR

Cooooeodoss Caf CLLATE DISTAMCE TO CENTER CF SPRZAE,
SSE(X[~XK(K)) 2020 (V]=VK(K))®02¢(Z]wZK(K))O02

Cosooesose IF QISTALZE GREATER TrAN RADIUS» POINT 18 OUTSICZ,

IF (SS=TK (K102, 1011019102
Coess00ese POIAT IS INSIDE.

Coooeossee PCINT 1S CUTSICE.
102 INSO=s.]
RETURN
End

[¥a)

Wyl

+ JOLD
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SUAROUTINE INTCN(KoD™IT)
c“QQ“.............................0..0.0............................“
Coosossess IATCNH FINDS INTERSECTIOM CF RAY niTe A CONE. SEE sRITEUP

Ceooneetoes FreR ECUATIONS USED.
C00000000000000000000000000000000000000000000000086000000000000000000r00

COwvOon /697 ABCO(20+200) ¢ALRAY(500) +BERAY (S00)
1 «CNORNS(6e58) +E1400200) oEcASE (200) ¢E£50/ (20,200}
2 +GARAY(S500) oRED (20,200) oTITLE(1I2) . wwnal (20)

3 +¥NL(200) o XLAKR(200) ¢ XRAY(500) s YRAY (500)
4 ¢7RAY (500)
COMM0N /ARRAYS/ ALK(200) o ALPHA(AD) ¢BEK(200)
1 sAETA(4Q) +DEV(200) 0% (260) +EX(200)
2 +ELAM(200) oELARAT (207 oEmaT (20) 2+ENERGY 1200)
3 +6AK(200) e GAFHALL0) oREF (20) 9SCRrAT (20)
& ¢SUNRAY (200) +SU™SOR(200) eX(40) ¢AK (200)
S ev(aE)  eYK(200) o1(40) sIK(200)
6 o2LAINI20) /

ChwwON/ ] ARRAY/ IFLAE(40) s JIPCINT (50) .
158 - L (59) +1S0R120) + JF (200) 2 JFL(200) »
S (1200) e JU(200) [E Yr{I}] «JP(200) »
eJIAY(200) * JSOR (50) *KBNO(9¢0) ' KFLAG(200) .
oKP(290) oXTYP(2CD) oLA®P (S0) sLANGLE (20) .
OLRFFL(200) oLTYPE (20! sPAT (200) oMFL (20) 1)
*hua Y (20) SMMRAY (200) :

COuvON/PARAMS/ AL sALN sALR s ALRF oRE .
SBEN +BER +BERF 201S sOMIN o02 oEPS o
*6A . yGAN o GAR ¢ GANF +PER .
oSumAs o X o ANOo sALLO o XREF e XTHAN oY1 .
*YNOw +YOLD o YREF ¢ YTRAN 21 .
o7In0w +«ZOLD o IREF o ZTIRAN -

COuuON/IPAREN/ FHAK s Irax o INOW .
eJ0SRAY  JJCORMT % (] sIRAY o MAX sJhCe oJOLD
oKIxT e KrFAX o KNOu oMMAX o NNOY o NSOR

INTEGER FoFwax
Coooantsse (CoifINATE PARAMETERS ASEDED FOR DISTANCE ESUATICN,
DELX=XT-AK(K) .
DELYsYi=VYK(K)
DEL?=Z]=Z4(K})
CensLZ002-DK(K)® (DELX®®2eDELY®02eDE Z0902)
Bx(1,0-DKI(KX) ) *GASDELZ-DK(K)®(AL®CELX*BE®DELY)
AZGA®e2-DK(X)
SQzne9.a0C
1F (S0110191020102
102 ROAT=SERT (SO}
Coessstoce CALCULATE B80TH ROOTS AND CrOOSE THE SMALLEST POSITIVE
Coesescese ACOT THAT IS IM THE DESINED mALF CF COME
D) T)s(-BeRO0T) /A
DH]1T2= (-B=-RD0T)/74A i
IF(MIT1)101,103,103
103 E2L=(Z]vDHIT]9G5R«7KIK) ) *EK(K) ; i
EMIz(Z]«DHIT2%6A~TK(K) ) ®EX(K)
IF(M172) 10501059104
104 IF (F»11105105,106
105 IF(EPL) 10101010107
106 DUITsDe]T2
60 10 108 E
107 DuIT=0r]IT]
60 T0 108
101 DriT=] Ee2)
108 CaLL OEBUG(6MINTCN )
RETUAN .

Enp
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SUARCUTIAE INTCONIK.DNIT)
c......-.........0....00....................I asee [ 2 L o ]
Coesecocoes SURROUTIRE INTCON CALCULATES Tt olsuncz FROM POINT
Coeseccese XI,VIeZl TO THE POINT onEAE Tef RA&Y IATERSECIS COMIC

Cee ATUADRIAY o, SEE wAITEUP FO+ EAACT ECUATIOAS USED.
c....................“.....“.....“............““........Q...m

. Chwagx 769/ ABCO (209200} sALRAY (500} oHERAY (500)

1 oCN0ATS(6450) E (4604200} oEYASE (200) WESOH(20.200)

2 oGARAY (S500) oRED (260200} oTITLE(I2) oWHAT (20)

3 JYOL(200) o ALANIZ00) o XRAY (500) s YRAY (500)

& ¢ZAY(1508) [

COMMON JARRAYSs ALX(200) sALPwA(4() *BEX(200)

1 sPETAI49) *DEV(200) L% (200) X (200)

2 «FLAN(200) +ELANAT (20) oE%AT (205 +EAERGY (200)

3 sFAK(209) 2GAMMA [49) «REF (20) o+ SORRAT (20)

& oS'MAAY(200) 2 SUNSOR(200) oX(40) XK (Z200)

5 2Y(40) 2YX(200) 02140} oIX(200)

& o7LA%(20)

COwvON/ I ARRAY/ IFLAG(40) e 1POINT (50) .
eolSsvaxiso) 21SOR (20} 2 JF (200) o JJFLI200) .

s (200 2J¥(200) ' JNI200) o JP (20) .

oIV (220} 2 JSOR (50) ! KERD(900) osKFLAG(200) .

oXP (200) !oxTYP(200) sLAWP (S9) LANGLE(20) »
SLREFL(200) oLTYPE (20) oMAT(200) MFLI(20) 0

oMMaAT (28) «MUSRAY (200} =

COwaOn /PARRNS / aL sALN sALR o ALRF 13 .
oBEfs I «MER +BERF 201S oDNIN 1174 ofPS ’
oGA ;. oGAN «GAR 2GaARF oPER . '
sSUsRA  oX] oAnOad ° oX0LD o AREF o XTRAN oYl ’
eYnrd s YOLD ' YREF o YTRAN o21 0

oZnny o ZOLD o ZREF o ZTRAN

COundN/IPARRSY FRAX °~  olmAX - 9 )0e0M []

el0PAAY JJCPaNT oln © oIRAY - oJMAK » JNOM oJOLD ¢
aKIaT oKMEX o KNO« 2IIAX o0 o MSOR

INTEGER FoFrax
Coeonstsce CaLCATE COEFFICIENTS roa \DISTAuct EQUATION.
OXsX]~-IK(K)
OYsY]-vK(K)
IF (43S ((5A)902-1.0) =1 . E-6)10491045101
101 COSTHsSCRT(],0-6A002) |
ALLSALZCOSTH
SEL=BE/COSTH
CALL CHECK(4InTCONsALL sufL 0000}
EE=NXeALLSDY*-EL
FFaDXOALK (K)o DY®*BEK (X}
GE=ALK(K)®ALL *REX (X} *BEL
BS2NIe02+0Y082
PPz ,.0-(EX(K)282)(66°°2)
IF (ERSIPPI-1.E~-20)1049150,102
102 WexFE-EK(K) *020G60 (FFoDK (X))
0023AS-EX(K) #2928 (FF+DK (X)) @82
MSPGz-aiee2-PPo00
IF («SPC) 10401039103
Cososssoas FIND POTH ROOTS OF TwgE EQUATION anD CMOOSE "K: Suotm:sr
Cesosossss POSITIVE ROOT.
103 ROOT=SCRT (HSPQ)
DI TIx (=t04=00T) 7 (PPCCSTH)
D] T2 («2HeROOT) /7 (PPSCCSTH)
. DHITASINI (ORITEoN-1T12)
IF (OM1T)105:1050107
105 Du) ToANAXI (OWIT19DnIT2)

-

IF(™™IT)104e104e107 ’
104 DwiTa] E21
107 COATIMNE

CALL DERUG(FHINTCON)

RE T8RN

Enp
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SURQOUT IE INIC'L(I-ONIH
Ce00009000000800400008000008000s08808000 scssvecssce e LI T T Y Y Y YT S
Cooscetose SLRACUTINE INTCYL CALCUATES ToE CISTANCE FROW POJINT.
Ce8000000e X1oV1eZ1 Iv TrE DISECTICK ELsbEeGA TO TnE PGINT SHERE THE
Coneeosess QaY INTERSECTS C'Ll\'iﬁ'Cl-l, Wl‘i' Ke SEE »RIVEUP FOR
Cossovsase EIIC' ECUATIONS USEOo

Coosase 20866 et hesiienaean ases
Corvon /75%/ ABC0123+206) oALRAY (580)
1 oCOORDS(6e50) +E(400200) EBASE (200)
2 oGARAY (500) +RED(20,200) oTITLEL12)
3 «vOL(200) oELAR(200) oKRAY(500)
& oT7AAY(SCH)
COr+Cn 7ARRAYS/ ALK (200) sALPHA[49)
1 +RFTA(40) «DEV(280) oD% (200)
2 FLAM(200) oELAMAT (20) *ENAT (20)
3 «6AK(209) +GAMU (60) oREF (20)
& oS'MRAY(200) oSUMSOR (208} oX(40)
5 ovia0) 'YK (200} 02140}
® oZLAM(2¢) |
COwONys ] ARRAY/ 1FLAG(40) +IPOINT (59) .
eISvax(5e) * 1S0R 120} *JF 1200) o JFLI200) .
oL (200) 0 JN(200) Y YFITV) 0 JP(200) | .
*JJALY(200) + JSOR{58) *KHAD (900) oXFLLE1209) .
oKP (200) oXTYP (203! LAP (59) osLAAGLE (2D) .
SLogrL(200) oLTYPE (20) eMAT (200) oFL (20) °
SmaT(20) MMIRALY (200) N
COwOn/PaRANS/ aL oALN oALR oALRF . onE °
oBfw «BER *BERF s01S oD IN [1:74 . .
*Ga o6Gan oGaR eGaRF oPER .
oSy 'Y 41 o XANOw sACLD - o RREF o KTRAN oY1 °
SYNOs YLD  GVREF sVidin o271 '
eZap4 o«ZOLD oIPEF oZTdAn i
COweOn/IPARBN/ Frax o IMAX o I0W .
OJOPIAY LI0PRNT IR o IRAY o JMAX . «JOLD o
oKInyY oKFAX RuOw o MMAK +N0e °

INTEGER FoFvax
Cosenotocs CalCULATE COEFFICIENTS FOR DISTANMCE EQUATION.
KX38L®ALK (X} ¢BE®BEK (K) sGLOCAK (k)
Ogsx] ,0=-Xy802
1F 1285 (0XS) =1 E~6) 10To 1010102
102 DELX=XI-XK (<)
DELYSYI=YK(x)
DELZ*21-ZK(K)
YYsALONELXeHESDELYEASDELY
llnuuu-ocu-ouuu'ocu-muu-a:u
AS:NELN0020DEL YO0 20DEL 2002
SQTFA%N= (YY=27°KL) 062+ (CMAS) @ (ASOeZZe®2-DK (K) 0-21
IF(SOTER) 1010103,1083
Chesottase FIAD BOTH R00TS OF Ti€ EQUATION anD c-OOsE 1€ SHCRTEST
Cosesscsce PCSITIVE 00T,
103 ROOT=SCar (SOTEAN) |
IXvYRlleXX-YY
DHIT1s (ZERY*RO0T) 700XS
DM T2s (ZXNY=-RO0T ) /ONXS
DI T=A» IN] (DMIT ] oDNIT2)
1F (ONIT) 1040106.105
106 DIT=a»ax](DHIT] sOnIT2)
IF (Du1T73101e1010105
101 DM1 T3], Ee2]
105 COnTIMUE
CALL DEBUG(6MINTCYL)

RE TURs
(1)
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SuRadyT xuf INTOAT(ITLT) \

00006 L ] 00000006 08 S00osnsesssete

Coooscrecs s;aaou!xut IKTUAY cacLs TkE DESIIED ROUTINE TO
co“oooooo caLC.H.IYE IJ-EL[!-GN' ci’;lﬂt-l Hay INTENSITIES.

COwn3y /49y ABCO(28+200) *ALRAY (S00) oBLUAY (S90)

I 2sCOMONS16:50) E(400200) +EBaSE(200) oESON120,200)
2 sCARav(S5e®) oPED (20,209) oTITLELI2) oAl 20y
3 ¥ (200) oXLAN(200) sXRAY (500) o YRAY (S09)

& 973AY(500) ! .

COv=0N /aRRAYS/ ALK(200) sALPHA (49) oBEX(200)

1 «8ETA(SS) +DEV(2€8) W0k (200) oK (200)

2 ofLAv(2p0) sELANAT (29) sEMaT (20) sENMERGY ( 200)

3 +6AK(2088) o6ANMA (4 8) oREF (20) o SORMAT (20)

& oSUvRAY(200) ' SUNSO(200) oK (e®) o XK (200)
S oviem) *YR(200) 22(a0) —  sZK(280)
TN @ eZ1LAm(2p)

CONmDN/123RAY/ IFLAG(40) o IPCINT (50) .
eo]S«a0(59) o JSOR(20) o JFiZ280) o JFLI20O) »
R IZI0)Y ' JUI208) o JN(288) o JP(208) .
*S:Y (288) * JSOR (50) oKBN0 (908) W KFLAG(208) »
K> (208) oXTYP(208) sLanP (59 oLANGLE (20) '
SLREFL(208) LTYPE (20) oMAT(200) oPFL(2D) .
SNMAY(28) sNUMRAY (208)

CONa0K /P AR 345/ AL sALN oALR o ALRF onE
oBtn oRER oERF oDIS oDMIN oDZ oEPS
o6A 26th 064R oGARF oPER °
oSy~as (131 T Teislae +X0LD o KREF »XTRAN ¥l
*YnOv sYOLD oYREF - oYTRAM o21 L
oInp¢ +Z0LD o IGEF o ITRAN S

COvON/ T1PAP LY/ Frax oImAK » Inow v
oICoaar LICPany [y 14 o IRAY o JMAK o JNONW » JOLD
[ $(8 1 K¥E X L] o MtAX o MNOu o MSOR

INYESER FoFwax
DIvEASION TSTG(288)
Cososetess G0 TO NESIRED Call.

6o !0(100-200.Joo.000-500.500-100.000.000)oll
1800 Cage INTENT(RLAAFPAK TSTGoLT) 3
60 10 11
208 CALL INTEN2(XLA%FNAReTSTG.LT)
60 70 110

- 308 CALL IATENI(XLANGFMARsTSTG,LT)

60 10 118

600 Catt INTENG (XLAWGFNAXe TSTG,LT)
60 70 118

‘SBe tltt‘l\rtuscxLA-.rnAx-ISIG.LII
60 YO 110

608 Cagt !lTEIC(lL"cFlll.TSlG.L'l
60 [T0 11p

Té8 CALL IATENT(XLAMGFRAKeTSTG.LT)
60 10 110

RO0 CALL INTEWI(XLANGFPAReTSTG,LT)
60 70 110

900 CALL INTENOIXLAMFWAKTSTGoLT)

118 DO 16! FalsFruax

ESCAILTF)TSTGIF) ! :
181 CONTIME o
ReyuaN
E
co61
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//
SURROUT [NE luvtLL(x-oull)
c....0.0QC...OOOQ”OQOC...OQ.O0.................0...........0....0.....0
Cosesescen IKTELL FINDS THE INTERSECTION DISTANCE OF A RAY wIfw
Cesooe ® AN FLLIPSOID., SEE eRITUP FOR EvURTIONS USED.
c“”............i.......................................... 20000080080
COomuCN 769/ a8C0120+209) s ALLAY (S03) oBERAY (SCO)
1 oCOORDS(6:50) +E(400200) oEVASE(200) oESTH (204200)
2 oGARAY(500) oRED(20:200) oTITLELI2) oWraT(20)
3 JvOL(200) o XLAN(200) o XRAY 1500) o YHAY (S00)
& J7RAY(S00)
COnvON /ARRAYS/ ALK(200) oALPHA (40) +BEX(2C0)
1 oRFTAL40) oDEV(200) DK (200) WEX1200)
2 +FLA%I200) oELAKAT (20) oEnaT(20) +ERMENGY (200)
3 26AK(200) sGANMA(40) oREF (20) +SUARAT (20)
& +SIRAY(200) o SUNSTR 1200) oX(40) 'kX(200)
S v(40) YK 1200) oZ(40) oIK(200)
6 o7LAN(20)
COuu0n/1ARPRAY/ IFLAG(40) +IPOINT(SH) .
oISwAX (SS) +ISOR(20) s JF (200) 9 FL(200) ™
A 17200} 0 M(200) o Ji200) ' P L200) °
*JRAY(200) 2 JSOR (50) Km0 (900) oKFLAG(200) [
*KP(200) oXTYP(200) oLanP (501 oLAMGLE (20) .
; - oLREFL (200) +LTYPE (20) atli200) o#FLI20) .
\ oiemaY (29} oNUMRAY (200)
COvvOL/PARENS/ AL ALM oALR o ALRF onE *
oBEn oBENR .uw oDIS .D'[ll 07 - .t’S [
”6a o6AN o64AR o 6antF oPER . ©
oSy oX1 o XN0w oX0LD o KREF o XTRAN % 4 )
\ oYNn<d 2 YOLD o YREF o YTRAN (7341 ’
i olnCu +Z0LD oZREF o ZTRAN -
.y . COw0ON/1PARSY/ FuAX ' oIMAX » IwOow .
{ \ e10>24Y .IOP»L o IR o IRATY o JRAX o JNCY oJOLD
3 SKIAT  GK¥AX » KNOs o MBAX »NvOu +KSOR TR e AT
- INTEGEL FoFhax e
Cesasesose CalCLATE COEFFICIEHYS AEEDED ™ EWAYIOIS. e - .
- e B Bk e T A Rk bt .
N DELYSY]-YK(K)
DEL78271-2K (K) =EK (K) ,
B8SCaEK(K) 082 !

Co1.0=(DELK®®2+NELYS2) /DK (K) =DELZBe*2/8S0
83< ((AL®DELXeBESDELY) 70K (K) 0648DELZB/RSQ)
Ase (AL #920RE®92) /DK (K) 064 2°2/95Q)
S0zqe02.a0C )
1F (S01101e102.102

102 ROQTsSCRT (SQ)

Cosessssees FIND B0TH ROOTS AND CNOOSE SMALLEST POSIVIVE RQOT,

DHITIs(-B+ROOTI/A
Dn]1 T2 (-RA-R00T) /A
DHIT=AwINI (OKITID®1IT2)
IF(DHITI 10401040105

106 Ox1Tzavax](DHITI«DNIT2)
IF(NKITI 1011010108

101 ON1Ts]l.Ee21

185 COnTINMUE
CALL DEBUGI6HINTELL)
RE TURM
(2]

Co2 S
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SURICUTINE INTeEL IXoC1)

c.'............'ﬁ.......'.............'..... esee

Ceoooncees JATnIl LCCAS FOS TnE AZAWEST INTERSECTICN OF a4 Ray hl;;

Coessccces ~FLICIL SU=FACE. INTwEL PRIMAIILY DETERMINES onlCr(IF ahY)
Coeoscoten C2ILS 2RE POSSISLE FoS INTLRASECTICONS M;ULLS OCatc FoOR

Cosvaoveee Fice FISSISLE COIL.
cw..............'..".'.==‘ 28 88

CorvOv s697 ABRCC(200200) oALRAY (500)
1 oC00AVSI6:58) oE(420200) oEBASE (200)

© @ +RAJAY (S00) oRED (230230 oTITLE(12)

3 vOL(200) o XLAN(2080) oXRAY(500)
4 o7av(500)

COveln 2aGRAYS/ ALK(200) sALP=A (48)
1 «RETA[49) oDEVIZE®) DX (200)

| 2 oELAM(20); oELA®ATIZN oEMaT(20)

J *6AK(200) oGAmwA (48) 'REF (20)

& 2S1RaY(200) oSURSUR(260) oXlal)
S yviapy 2 YX(200) oZia®)
& 27La%(2¢) '

COv /185 24Y/ IFLAG (e0)
oISria(Se) 015531200 o JFlI20m)

LE N1 )] 0 Je(206) ' JI200)
*J3avI2¢0) 2 JSORISZ) *ARNC(998)
L JEITH oXTYP(2C2) oLAnP (S5¢)
SLRFFLIZCD) sLYYPEL25: sRaT(200)
ohaT(2(, sMPRAY(200)

CovvlN/Patavsy AL oALN ! oALR
oBE oRE oEEwF *01S oDeeIn
°6a . o6an o6aR o6aaF oPER
*Seas W27 PY (%) «XCLD eAREF
S« o YCLD o YREF oVIstAn o1
elnca «I0LD o ZREF oZTAN

Chwedn/slP2an Foax oIvax o INCH
®J0C3AY  SICPRNT 12 sl3ay o MAK
eKlaY oK®AX ¢, oHAl e oMwAR o Ow

INTEGEDR FoFmaa

*8EIAY (S500)
*£304(20,200)
oVMAT (29)
oYRAY (Se0)

oBEX(Z00)
ofx(200)
'EMLESY (200)
0SCANAT ( 20)
XK (230)
2IX(200)

o IPCINT (50
o JFL (2800)

2 P I280)
oKFLAG(200)
oLANGLE (20)
oNFL (20)

o ALRF onE
o0Z ofPS
.

-l!ll‘l ovl °
\ ]
' ]
L e JJNOE
.m

o JOLD o |

COvCx/rELCC»/808BAR 5 03] 4P IPe8PeCAP o DEL THoDELX ¢ DELYoLELZ oDNIT,

OPSI7REVeR~Dy STueTHeTn] oSﬁ‘?lﬁ‘SlCS‘ﬂlSﬁfﬁ

GLO0STANGTZ 0T N2
041121 .Ee2)

Coosaseeee (o CLLATE PARAYETERS AEEGED,

Carzatxin) ’
Bt asf x (K)
AspgiK)
ARanageel/2,.9
capy D(ﬂ:auL.k.‘lE »54)
Slaf..
Oft amagixi=x] .
DELY=Yx (<) ~V] .
OEL7aZaix)=21  \ '
TudsaL oL v-REeTELX
TP 1aDELE®02e ELYOO2eTEL2 002
FmizSIGh(].5e Tu) oS RT (AL O 2egE®e;))
S (TELYCALSTELYORE) /(AL OO2eBEOT)
BSCaICELR=S20a 19020 (LELY=-S3%8E) 02
ACUTSIm(E=Ce )02’ :
R1aSCa(=C-a) 002

oRACSTieRSATNoBS Tie

Ceetostone 1F 2T O RaY NEAREST TC mELICAL AXIS ACT INSIDE OUTER

Cosssetsse AN LS CF ~ELIA. RETUSK.
IF (RSQ-GTUTSTI 15001100110
181 RuOSCulELAOO2eTEL VOS2 . -

Cos.

S



\y

VOUT=SLRT (ROUTSG-BSU) 74£S (F ml)

Coeo0e®0s0 |5 STARTING PCINT NOT InS10E OUTER %ADIUS, 6D TO ie2,

1F (23005000, TS0 1649 104, 162
102 DOTs(aLoNELRFESNELY)
Coeseo0ose |F RAY »OVING AwrY FRCH rELIx e HETUA,
IF oty 110,110,103

Coevssvise CalCULATE COIL MUMGE WS AND CTrEsi AEEDED PARAVE TE RS,

103 SIsS2-10uT
106 SesSAeL 0UT ;
Rcvu.nnasn-swm1.0.31-0?)
ERsXleal *SA
TesYlesgesy /
ZRsZ1sceosy |
1F (ARS (YK (K)«YR) =] E=5) J40 o140, 141
140 |rullsuxuu-la)-l.5-5)1@2-]&2.1“
142 PSIIsaT1aM2(~DELXTELY)
60 19 3143
181 PSIZ=aTAN2( YK (K} «YB e XK(K) =28}
143 MPanINT(S]) ‘
1F (%1,67.100) GO T0 119
MesxINT(S4)
STsRIASC-850
Cosssosecs |Fr POINT 05 RAY KEAREST To AXIX IS 1ASICE INMER RaDlus, 6 To
IF (S0T) 10601064105
106 N2gjgees
. h3zjgoen
6 10 107
105 UlesSaaT(SQV)/28S (5 )
$2zSa<4;IN
$3sS8er'In
M2sz%Int (S2) -
N3xxIAT (S3) ,
IFeSzetTe @ AND. ¢ L6T. 100) 60 10 310
107 BCL=S 5T (8S0) - . \
Coessorese 1£ST TO SEE IF o5 A%D ARE MEEDED.
IF (FrueCaP/Ga=ATLY 113:113,1600
100 RLa=SCS [ (CAPORCL /6 /FIMU-E5C nee2)
$SS5aSAerLa
S6=SA-3 4 |
NS ¥INT (SS) )
he=UINT (S6) - \
1F (¥S-a6) 189.113,113
109 JF |ILIOOZODSMW\’SGDllb-ll‘-l\ll
119 CONTINE
CaLL DeaLCimy) ,
1F (v1=A5)112,110,312
112 CagL ocarcns)
60 10 118
113 M53)00e8
Ng=1geepg .
Coocoetsce | COP THAOUGH POSSIBLE COILS UATIL. AN nntssu:uu 15 Founp
Coesscsese 0n UNTIL ALL POSSIBLE COILS pavE BEEM TR}ED,

116 Nan) #
123 1F (1120 11701174135 g
115 1F (%230 11601170117 h
116 hsn) \
11?7 l‘l"“ll“cll.!“’ -
118 henS - \

11e CONT InuE |

1F (%.67,200360 TO 110 \
Ceseesdose | 00k FOR INTERSECTICn W) Th COIL. ».
CaLL ocaLcimy {
1
1F (n=N5) 121 0120012] - i
120 Nsay
60 10 1319
121 |nenn-|.co2ﬂuo.lzz-|zz4 ' |
122 heae} ) : \
. IF(™-x4)123.1234130
310 CaLL OEBUGIeMINTIEL) \
OnIsDn) Y )
RE TURN ’ \
Enp |

\ Co4 \



oy
SURQOUTIAE INTHYP (KeOnIT)

c...................’..........Q...............................9..'.'.‘.

Cossscsese 5 wYPENEGLOID, SEE su1TEwP For LOUATIONS USED.

. chuoo;-‘oc

c...... (2] ‘=---......O.....Q......QQ.I'................Q.....
COovwon 69/ ABCO(200200) sALRAY (S500) oBLRAY (S99
1 o700aNS(645p) sE(4C9200) 2ERASE (Z09) oESOR(20,200)
2 +G2RAV(<Qp sRED(20.250) ' T1TLE(12) oV™AT(29)
3 L (280) oXLAN(200) o XQAY (560) o YHAY [Sgg)
4 s72av(Se@i /

, COvwCn /4385YS/ aLx(2C0) 'ALPHA (49) *BEx(209)
1 sRETA(60) sDEV(2:9) DK(200) X (200) ;
2 .fu-'(zofl oELANAT (29) oEN4T(20) sENERGY (20¢) ¢
3 +6ax(20p *GANNA (40) *REF (20) .suan(zn,g;./
4 o SUILY (200) oSUNSUR (200) °X(40) o XK (289) /
S Wv(40) 2 YK(200) o2(40) oIK(200) 5
6 o7LAM(2¢) 3
COnwON/ ARRAY/ 15LAG(40) o1POINT(SE) .
®ISwax(sg) o ISOR(20) 2 JF(200) oJFL(200) e

\ *A(200) o S(200) s Mi2e0) 2P (200) .
*JRAY(200) 2 JSOR(50) ' X8nD (900) oKFLAG(200) .
KP (200) oXTYP(2¢0) oLAMP(S5y) sLANGLE (20) .
SLPFFL(Z00) oLIYPE(20) onaT(209) oMFL(20) ’
ShuptT(20) SRUMRAT (200}
COnON/PaRANS, . &y e oALR sALRF oRE ’
*BEn o BEM wBE AF 015 oD D2 o£PS
oGa . o6AN pbaR IE’F . ,m .
*Sywa, o X3 v Al *XOLD o XREF o XTRAN vl .
YNy +YOLD o TREF t%lﬂ oZ1 ’
oZnne o20LD s IREF s LTHAN. .
COraOn/1PaRcNs FHax o lFRL » 1080w .
oloPGAY ,10PRNT Y L sIRiY o JmAX * JNON JOLD
oKIaTY oXVAX sl Tw aTMAK o MNNOw oNSOR
INTFRER FoFmax [

Coevecoess CaLCULATE COEFFICIENTS AEEOEY FOR EQuaTions.
DEL XzxT-xx(x) . |
DELYsYI-vK(K)

DEL26=71-2K (X) 0 EX (K)
$xCASDELZP/(EQ(X) 202~ (AL oDEL X eBESOEL /0K (K)
c--|.o-mcl.x--zoocu-zuou-mwcuuo!\'?u(cumuzn
JF(S011010.102.102 , -\'.
Coenessone CaLCULATE BOTH ROOTS ang DSE THE ST PoSITIVE
Cossesosee vALUE THAT LIES IN The DESIRED SwgEl
DML T2s (-8-ROOT) /4 %
E’L-(ZIOMITI'H-II(IHOGAI(I)
IF(EPL) 106,104,103 _ "
106 1F (E%1)101,191,105 \ ~
60 10 )06
103 1F(Fe1)107.107,108 |
60 10 108 \
108 on;ru-xuunnln.ounzn v ! \
-

ls(n/r(uu)-z-uLuz.scuz"pu."
102 B0nTsSrat(SQ) | ‘ J‘\

OH]T 1= (-BeRUOT) /4

t"l-(!hbﬂ"l"cl-ll(n)w(n !z .
105 DHIT=On1T2 \‘ ; | 3
107 Du)Tspngr] L : s ".

1F (OM1T2 109:109,110 . v

100 Du]Tearax) (UMIT1o0n112)
186 IF tnmlT) 101e101:110

181 Dn]1Ts],ge2] i

118 CALL DEBUG (6HINTHYP) \ |
BE 1A

- | \ N

Co65




Eanideat ot

Coooveo0es 101PAR FINDS Tre DISTAMCE 1O Tug AEawzsT INTERSECTION nF
ITH & ParaBoOLa, SEE WRITECP FOR EQUATICKNS USED,

CQQ.QCQOQ..Q..Q‘ * [ £ 4 L *ese [ 2 1 ] 8 es 2000 000000
Con~Cn /697 | ancoc2ee200) eALRAY(S0) *BEQAY (509
1 o€O0ORS16450) 4 (400200) *EHASE (200) oE501020,200)
2 +GARAY(S0¢) *RED (204200) oTITLE(12) *V»aT ¢20) ]
3 s¥DL(200) oXLAM(200) *ARAY(500) e YRAY(S99) #7
4 o7RAV(Se)
COrwOn ,saRRAYS, ALK (200) sALPHA (49) *BEK (Z00)
1 eAETA(4g) *DEV(200) " sDX(200) *Ex(200)
2 ofFLAr(200) sELAMAT ¢29) sEnpT ¢20) +ENERGY (209)
3 seaK(200) sGAMMA (49) oREF (20) #SCAMAT (29)
$ oSav(290)  ,SUmSON(290) *X040) *XK(200)
S svise) oYK (200) o2(40) oI {200)
6 o2La¥(29)

$/1LRRAY/ IFLAG(40) + IPOINT (S50) .

*ISnax(ce) *1S02¢20) 2 JF(200) 2 JFLI200) .
SN (209) 2 (200) *JN(290) 2P (200) 5
*Sav(299) sJSORISE) - KpND49ge) oXFLAG(200) o
1P (200) *KTYP (200) sLAMP (59) sLANGLE (20) »
SLREFL(200) LLTYPE(20) *Mat (200) oNFL (20) . L
sl (29) sMUNRAY (209) - {
COv 0N /PaARASS 7 AL oALN oALR sALRF o=E »
*8En oBER *BERF sDIS oDnIn 0z oEPS .
o6a o GAN o GAR *GARF +PER ) .
*SuwRa  ,x} »XNOw *X0LD s AREF *XTRAN Y3 ¢
*Ynne o YOLD o YREF o VTnAn 023 .

*2n04 oZOLD . . S ZREF 2 ZTRAN o
COv"0n/1PaRaAn/| *  Faax sINAX » 1IN0 ’ i
*J003aY 4 100anT s IR s IRAY o JMAX » JhOo sJOLD
oKIay o KFAX oKNCy sMRAX »M0e0ey oNSOR .
INTEGER FoFmax
Ceoorooese Corcuate COEFFICIENTS MEEOED FoORm EQUATIONS, TN
DEL X=X JorK (K) . '
DELY=YI-YK ()
OFLZ=2Y-72xx) ,
C=4 000K (x) ODELZ-DELX"Z-MLY'Gz
822,000k :x} =ALODELX-BESQELY °
Aso (ALe0248E092) -y
QQZ-"C
1F (SQ))01.102,102
102 ROOTaSCRT (S0) -
Coeseeccns Fiap 80TH R00TS AND CHOOSE Smu.csrlmxnvt VM, .
DHITI=(~ReROOT) /a
DHIT2= (=8-R00T) /2
mnu-xuumnx.mnz: .
IF (MIT)1040300,105
104 DrITsaran](DMIT].0HIT2)
IF(tmIT) 10101014105
101 DWITal Ee2)
105 COnTImE
CALL DEBUGI6HINTPAR) |
RETIMN
Emp



SURRCUZINE IKTPLA(KeDHIT) ' i
Coel0e®00000000000a00000v00000 o8 soossscssose e

Coeososces SURROUTINE INIPLA CALCULATE THE NISTANCE FROW THE POTNT
Coovoosess xJ,v1eZT1 IN THE DIRLCTYION AL B8EeGA TO THE POINT WNERE THE

Ceossetons Rey INTENSECTS Tt PLAAL B ANY Ko -
CQ.Q...OOOOQDOQODOQQQOOQQQQQQCOQQ.“ [ g 0600000 oo 00 *00ese
COmvONn /697 ABCO(2G+200) ALRAY (500} oBERAY (S00)
1 +C00ANS(6e50) SE(40:200) EVASE (2000 2'ESOR(28,200)
2 +GARAY (500) oRED(23e200) oTITLE(12) oWMAT (20)
J L (200) o XLAN(20]) *XRAY(508) o TRAT (Se0)
_ & 929AY(500)
COwSCN /ARRAYS/ ALK(200) oALPHA (40) 'CEX(200)
1 *RETA(49) oDEVYI200) DX (200) ofx (200
2 +ELEN(200) oELAMAT (29) oENAT (20} oENERGY (20 0)
3 +6AK(200) , 0GANMA (4 0) oREF (20} o SURNAT (20)
& +SUYYRAY(200) +SUNSOR (20 0) o X(48) oXK(200)
5 oY(40) © o YKI200) v2(40) oIK (200}
6 270 AN(20)
COnvON/IARRAY/ IFLAG (4 0) oIPOINT (S8 .
ol1SvaX(50) +1S0R(20) ' JF1200) s JJFL(200) .
o (?00) ' JNI200) eJmi200) ' (200) [)
*Mav(200) 2 JSOR(50) *X8ND (S90) oRFLAG (200} .
*KP(200) oxXTYP(200) oLANP(50) oLANGLE (20) .
SLREFLI20) oL TYPE (20) ®rTi200) oNFL(20) °
SRULTI20)! "  +NUMRRY(200)
COMuON/PARLS/ AL vALN oALR o ALRF onE v
SREN oBER oHERF o01S DN ln 02 oEPS |
o6a oGAN oGAR o GANF PER 'y
Syvaas  ox1 *XNOw *XOLO . oRREF o XTRAN vl ’ :
. e +YOLD o YREF o YTRAN ol ’
olnge 2 20LD ,lncf o ZTRAN : - /
COwnON/IPARAR/ | FMAX elmrax » 100W ’
o IOoPIAY L 10PANT U o IRAY o JRAX o JNOY oJOLD o
oKInT oKMAX KNOw o MMAX *+MNNOu oNSOR

INTEGER FoFvax
Coesostoce FIND InE COSINE OF Trf ANGLE BETWEEN THE RAY AND T™E
Cososssoe KCRMAL TO THE PLANE . '
COSANG=AL *ALK(K) eBE®REK (K) ¢ GA®GAK (K) !
IF (ABS(COSANG) =1 ,E~61103+1030 101
Coesacscss CALCULATE THE DISTANCE TO THE POINT OF IrTERSECT ION, l,
101 oun:mxuu-uu(llGnosf.xu!-vt-umn'lu}‘/cosus B
IF (0M171103,1040104 . P
103 On1Te] E21 \
104 CONTINUE
CALL DEBUG (6KINTPLA)
RETURN
Enn

-
o
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Suy=e0UT

INE TATSPH(KsD-1T)

Y see oe

Cosose
Coaesossse I

1¢5~ F303S T-Z aEaszST InTERCECTION OF 3 EAY w1V & SPeERI
cwo.-.o...ooo.o.o..ooooooooo””ooocq... . sececs -

Py

oIPCINTIEN)

COwwCA 769/ ABCOL2692350) eALIL F(S8T)
1 +CODIS(Ae5I) oE(65020%) sEoasi (203)
2 +CA3AY(5LY) oREG (290230) oTITLECTI2)
3 JwCL200) oELANI200? o RFAY §5C0)
& +2SAY(SEE)
Com=Om /AERAYS/ ALK(200) s ALP=A (40)
1 «RFTIA(LL) +DEV(200) DK (2¢0)
2 SELAm(200) ‘eELA=AT(20) oEmal (20)
3 sE2K(700) s GAY™A (40) oREF (20}
& oSUMFAY(208) +SLYSSR(203) oX(4C)
5 +Vi4C) 2YK(229) 02148}
& sLam(20)
COow=0v/1ARAAY/ I7LAGL40)
o]Srax(56) s JSOR(28) o JJF1268)
oN (7200) o i26F) +J(280)
oIpaAvYiZ200) « JSOR(56) KB (500)
oK (269) oxTIYPI25C) L2 P (L)
oLRseL (208) oLTYPE (23) | oMAT(280)
ohma ¥ (20) P AJHSLT 1230)
COn~IMsPASLYS/ [ 58 sALN sALR
- oBEN ssfa oS ~F *D1S sOnIN
[ 7 ¢ 654N »6LR v GanF +PER
eSyvas o1} . eRAle «2CLOD VAREF
YNy o YOLD s YELEF ¢ YThAN (741
oZnne o 2CLD oIoEF o ZTRAN
CowulN/IPR=aAw/ FrURX o 1maAX - o JnCw
oInsday (IOFENT oI o 1RAY s JMEK
L ${%1 s XWAX o KADw orpax oM De
INTEGER FoFvAX
Coosesvasce CaLC.ATE COEFFICIERNTS NEECED,
DEL XX T=R< (%)
DELY=YI~YSI<)
DEL7=21-2%(X)

CarsLaee2-CELYRO2e0EL 200 2«TK (Kx)es2
Ba0rLReAl «DELYPSECELLI®GA
SQzRee-C

1F1s0) 1

01.102,102

102 ROAT=SCAT(SS) Cr ; .
A2 50Tm 20075 AND CrOCSE SWALLEST POSITIVE VALUE,

Cestsssoss F1

|

DH] T80T /T
D) 12203207

Dwt] Tmav
IF (Pl T
104 DALTaLY
1F ol Y
101 ODwpvsl,

181 (T T) e DRI T2}
11E401064105 -
AX] (Dn1T)eS=1T2)
1101161105
£e21

105 COATIVE

CaLL DE
RETLAN
E0

B (M NTSPn)

.

’

Cos

«BCILV(S2E)
+ES3=(Z3s20C)
s¥=al (20)

o YRLY IS36)

*BELC(2TH)
vEX(202)
+ENE=BY (250)
0 S5aAT (20)
o XK (236}
oIX(269)

o JFL(20C)
w200
oKFLAG(CB3O)
oLAMGLF 127)
oMFLI20)

® @@ ( & @

o ALIF o8E .
D2 oEPE .
.
»ATRAN oY1 [
'

s SN0 «JOLD o
oNSOR

e

—
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SUSROUTINE JROUDLJ)

c..-. .Q....QQ.00...00.0005.‘.QQ.........Q...Q...’..'U....Q.........O...

see SLIROUTINE JACUND FINDS TwE DISTANCE FROw POINT XT,Y1,.21

Coeve0s00e fa YiE DIRECTION ALeAE+6A TO E&Ce OF THt BOUNDARIES OF

Ceooooedoee SEGVENT J AND CnIO0SES TrmE SHORTEST POSIIIVE DISlancF.,

c..’..’..QQQQQQ.CQQQ...QQ...Q.‘ [ 22T Y Y 1) @ sece L 1) &

COmMuON £69/ ABCO(20+2%0) eALRAY (S00) oBERAY (S5p0)

1 +COCANS(6450) +E1(40+200) sEBASE (200) o501 120,200
Z +GRRAY({500) +REV20+260) *TITLECID) oVMAT (20) G
3 »¥DLL200) o XLAM{(200) s XRAY (500) o YRAY(Sgg)

& oIRAY(S00) 1

COw»OX saRRAYS/ ALK{(200) _ eALPRA(48) BEX(200)

1 osRETR(AR) oDEVI200) oK (200) sEX (200)

2 JFLA%I209) . SELAMAT(20) oEMAT(20) = L EMERGY (2 v)

3 +GAX(200) 2GARMAL40) oREF (20) o SONMAT (20) -

4 +SIPRAY(200) o SUNSCR{Z200) oX(e0) 0 XK(200)

S «Y140) 'YX (200) eZia0) » o IKE200) —
6 +71A%(20)

COv“IN/1ARRAY/ . IFLAG(40) \ ¢ IPOINT (S8) ’

SIS¥AX(S0)  +ISOR(20) o (200) — “eJFL(200) :
*N 1260) 2 JM(260) < emi200y 1209) .
*JRAV(200) 2 JSOR(50) sK8ND(900) KFLAG 20.) .
*KP (2001 oXTYP(200) sLaMP (50) ol NGLE(20) °
SLREFL(200) SsLTYPE(20) 'MAT(200) oF £.(20) .
ouaT (29) SNUMRAY (209)

COnvON/PARAMS/ AL sALM oALR sALRF onE .
*BEN oBER »BERF »01S oDMIN olZ +EPS .
oGa 262N oGAR 1GARF oPER D) ;
oSUwRA  ¢X{ o XN0W ¢ACLD oXREF  oXTRAN L4 ™
eYNCH +YOLD o YREF 2 YTRAN oll .
olngw oZ0LO o IREF o ZTRAN

COvuON/ IPARAN/ Fuax o IMRX o 10w '

S10FAY LIOPRNT IR e IRAY s AN o SN0 o JOLD o
oKXInY o KMAX o KNON sMMAX o 0000w o NSOR

INTFGER FoFMAX
Coeoootoce SET_ INDEX FOR BOUNDARY ARRAY OF SEGMENT J,
NzxP{ J) . -
D1ss1.£20 . .
Coeaevceen CrONSE & ROUNDARY AUMBER K.
161 K=7A9SIK5YWDIN))
Coesossose [F FDURDARY MAS ALREADY BEEN CI(CIEO. o0 10 l“o
IF (XFLAGIX)) 10651060104
106 KFLAGIX) =]
KTz TYP(K)
Cooecotsse RLRANCH ON ROUNDARY TYPE, '
60 T0(10002000300:4000500:60007009800,900) ok]
Coessceoss Fim DISTANCE TO PLANME BOUNDARY NUMBER K,
100 CarLL INTPLAIK.DNIT)
60 10 102
Coeoestoes FIND DISTANMCE TO CYL!hDﬁlCAL BOUNDARY nUBER K,
200 CaL luICVL(x-onlt)
60 10 102
Cossectses FIND DISTANCE TO CONICAL BOUNDARY MUNIER K,
300 CALL IRTCONIXsDHIT)
60 70 y02
Cosesesese FInn DISTAWCE TO SMIIE. o
400 CaLL IATSPHIKDALT) v
60 10 1c2 ’
Coscesences FIND DISTAME TO COME,
500 CaLL INTCNIX,DMIT) -
&0 To 102
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Cosconsses FIND DISTAMCE 70 PAKASOLO10.
600 CaLL IATPRR(KOnIT)
60 10 102
Cesssesesn FINN DISTANCE TO nYPERGCLOLO,.
780 CALL INTHYP (KeDn]T)
60 10 182
Coscsevase FIND DISTaNCE TO ELLIPSDID.
A9 CALL IATELLIK.OHIT)
60 70 102
Ceesssssse FIND DISTANCE TO NELIX.
900 CALL IATHEL(KsDHIT)
60 10 102
Coeosncnse 1S DISTANCE LESS THAN nINInUR OISTAKCE,
102 IF(MH1T-D1S)103¢1049100
105 015sDn1T
L KINT=K
Ceeossovses ! COK AT NEXT BOUNCARY,
104 Nz=nel
lF((ﬂND(N))thlOS.lOl
105 COATIME
CALL DEBUG (6XJFOUND]
PETURN
Enn
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SUAROUTIAE LAMDAT
CPO00000c000000000000000000000000000000000000000800000000000080000000080
Ceoocosese | 2¥ 2T READS LAMP DATA CARUS, '
Ceecessngsssssery 000000000000 R000000000000008008080080000800000000080a800000

CO~~0N /897 ABCO(200200) ¢ ALAAY (500) oBLAAY (Se0)

I oCCARS(4:58) oE (40e200) +EBASE (2C0) +ESOR (20,200)

2 +GAGAY(S00) «RED(20,200) «TITLE(]12) oVMAT (20)

3 W2¥NLIZ00) «RLAM(200) «XRAY (S00) s YRAY (Sg0)

& 922AY(5C0)

COuYON /ARRAYS/ ALKX(200) s AL PuA (48) oBEXI200)

1 WR7FTA(46) +DEVI200) +DK (1280) sEX(208)

2 oFLAM(200) oELAMAT (29) «EMAT (20) sENERGY (200)

3 +64K(200) 2GAMA [40) «REF (20) +SORMAT (20)

& (S UFRAY(20D) +SUNSOR (200) oK(48) XK (208)

S JYi4D) sYK(200) eZls0) s 2K 1200)

& 22LAn120) .

COves0x /1 ARRAY Y/ , IFLAGL408) «IPOINT (50) .

eISvax(50) «ISOR(20) © e JJFIZ200) sJFLL200) .

oA (200) ' JN(200) o JN(200) «JPI200) .

SJRAVIZ20N 2 JSOR(SE) oRBND (908) sKFLAG(200) .

oKP (200) XTYP(200) sLA'P (58) sLANGLE (20) .

OLRFFLI200) SLIYPE(20) oMAT (200) shFL(20) .

*AT (20) sNUNRAY (2809)

COuwOn/PARANS/ AL sALN oALR o ALRF onkE .

oBx +BER «BERF «D1IS oDmgN [1:24 +EPS .
N oGa o GAN 7L e GARF oPER 'Y .

eSUvRA I oXNOW oXCLD o AMEF s ATRAN oYl .

oYNN« +YOLOD s YREF s YTIdAN ol . N

oIncd +ZOLD oIREF oZTRAN

COw N/ IPARAN/ FMAX s INAK - o IN0w ‘e

oJOPIAY o 10PRNT oJR e JRAY e JMAX - o JNOY «JOLD ¢

oKInTY o XMAYX o KNOw sMMAK o MNOW +MSOR

INTFGER FoFFaAX
DI~ENSION LmTAS(10) o ISUBTI9) ¢ 1..NGT (9)
DATS (LANTLE: - aWOLUVE ¢ 6M0UTSUS g 60 INASUR s SRAYINP ¢ 6 (601 »
DATALISURT=corInTENT 064 INTENZ o GNINTENI, 6 VINTENSG o
SEHIATERS o6 INTERD o GNINTERT s 0 INTENS o 00 INTEAD)
DATA(1APGT=AANGLE] o GHARNGLEZ o GMANGLE 39 6MANGLES o
T OGHANGLE 59 ORANGLE 69 EMANGLE 79 6MARGLES » 6GHANGLED)
Coese0®oss pPIINT PAGE MNEADING,
PRINT 10
L 10 FORSAT (IMTIeS3XeOHLANP DATA//IN olii LAPPBNs
OO AMP, IX o IHIATENST TY o TK o SHEAGLE ¢ IXK M INTENSITY/
OIH 6 UYBER SR SMTYPE oS5Kg THNOUTINE ¢ SKe THRAOUTINE/)
Coooeo®sse RFAD A CARD i
100 REAN 1] ,LAWPNGLAYPT ISUBT ¢ 1ANGoEL 0P
11 FORvAT(14e3(1XeA6)eEI2s8)
Coocsetsses | 2P NUNSER sZERO INOICATES END OF DATA.
IFLAND) 110:110.101
Coossctose PRINT LA DATA,
101 PRINT 12:LAYPH0sLAMPT ¢ ISUSTs ARG sELAW
12 FORWAT(IH o16:216X:A6)0E12.8)
Coessecsse SE2RCH TARLE FOR SOUACE TYPE, R
: DO 192 n=zl,l0
IF (LAMRT-LANTAB(N) 11020104,102
102 COXTIME .
Ceesooreges SOURCE TYPE MOV IN TASLE.
CALY ERPANT (6L AMDAT)
Cescoasese STORE SOUNCE TYPE INOEXe
104 1S02(LAPND) =N
Covesssose If MULTIPLE WAYELEMGTNS 60 TO 306
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1F (F»a3-11105.105,106
Coossasases STCIE SOURCE INTEASITY
105 ESN(LaveNDe]) sEL AP -
60 10 197 ,
Coosssecas Sraaty TASLE FOR MAL™E OF INTEASITY EOUTINE.
10¢ DO 103 177149 i
N lF(!S&!l-IS&ﬂN"nl“-liﬁou'
108 COATInE /
Cosesestsce IATENSITY ROUTIAE AOT IM TABLE,
L ERPSNT (6~ AMDAT) 4
Coscccscce GEV IATENSITY 45 A FUMCIION OF wWaVELENGTw,
109 CaLL INTOAT(1T,.LA%PA0)
COenootess F SUIFACE SOUSCEs GET MAME OF ANGLE ROUTINE o
107 IF(ISCEIL2v NTI=2)111018201]1
111 IF(IS00(LA»PA0)=3)]1139112,113
112 DO 114 12s1.9
1F (IANE-1RNGTIIA) 110440154116

116 TIME
L EGPRNT (61 A0DAT)
115 LAASLE (LA*PN0)=]A

113 60 70 100

110 RETIRN R
£
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' SURIOUT INE WATOAT

[ 2 2 21 2107 oesese

Coeceovcse S zIWTINE »aTDAT RELADS IN MATER]AL DATA FOR EACn MaTeolaL.

(<X LD T T T COO00Q00L000000000000800000000000008000000080000000000008

ABRCO(200200)

COwCN 746/

oALRAY (500)

JUERAY (Se9)

1 oCNORNS15:50) oE(000200) +EBaSE (20¢) sESOR(20,200)
2 +GARAY(500) sREDI20+200) oTITLE(12) oAt (20)
3 Jv0L(280) o XLANI200) o XRAY (500) 2 YRAY (500)
& o731V (SEN)

COmeDN /ARRAYS/ ALK (200) sALPHA(40) oBEX(200)
1 omETA(40) »DEV (200} oDX (200) cEK(200)
2 +ELAm(290) oELARAT (23) oEnaT (28) +ENERGY (200)
3 Jcax(2e0) 0GA*™ 4 (40) oREF (29) o SUANAT (20)
& oSURAY(200) oSUMSOR (20 0) X (40) oK (2008)
S sv(40) 2 YK(200) 02(a0) o ZK(200)
& o7LAN(29) . r"\

COP~ON/TARAAY/ /. 1FLAGI40) + TPOINT (50) .
eolSwax(ce) o LY0R (200 o JJF (200) o JJFL(200) .
*JL(200) e JM(200) s IN(200) 2 JP(200) ’
*JRAY(200) 50 oKBa0 (990) oKFLAG(200) .
AP (280) xTYP(200) slLanP (S9) +LANGLE(20) »
SLREFLI200) SLYYPE(20) oMaT (200} oMFL(20) .
st (2¢) nuiuuzul

COwa0N/PARANS L. A oALN sALR s ALRF o0k
SBEN oBEQ +SERF oDIS oDMIN 0z o€PS
oGa oGAN 06AR oGanF oPER »

21 7Y oX] . o X0 0M /!.CLD o AREF ll‘ﬂ‘! 144

. eYenu +YOLD o YREF o YTHAN ol »

[ 7( Y oZIOLD o ZHEF o ZITRAN

Cov=Du/sIPARANY/ FuAx o Imax o IO

eJOPAAY LJOPRNT IR s 1RAY e Max » ROV »JOLD
oKy oKPAR o KN0Ou o MNAX o NNOY o NSOR

INTEGED FoF~ax
DI~ERSTON LESC(6)

Coansereees PLINT PAGE MEADING,

PRAINT o

QL FORAT (1] 55K e FIMNATERTAL DATA/Z/OM ﬂlfﬁﬁluouoﬂw.

6K, TONEASORPTION 6K ¢ TONIEFRACTIVE o 10K ¢ SHLAS ING»

SSA R IHMDESCRIPTION/ Tt o8B AUFGERe 2%, THROUT I ME o SX¢

STINCOEFFICIENT o ] u-sunoel.u- 10AVELENG TV}

mmax=0

Consestses NEAD ONE =ATERIAL DATA CARD.
106 READ lgoMeTABIASCOT oREF ]+ ZLAN] ,0ESC

0 FORvAT(1491Xe8603F7.50646)
oo 'IF PATERIAL MUsSER 1S ZERQs ALL MATERIAL DATA MAS BEEN READ.

c
1F (4110301104103

Cseaessecs [F w GIAATER TMAN MNAKe NRAXaN,

103 IF (u-wwax) 102:1020181

701 Peiaxsw

Coosectose STORE LASING Ulmnﬂt AND REFRACTIVE IWNDEX.

182 PEF () =EF ]
ZLan(n) =7LANT

Cogesscese PRINT MATERIAL OATA !
PRINT 1]o%e TABoABCOIoREF T o ZLARY ¢DESC
1] FORAT(TH FIRe3ToAbeI (4X0F1206) +6Xe6As)

Coosestese STORE ABSORPTION
) 6010 106

CIENT,

IF (TAB € . 84
Coossssecs |5 MO WAVELEWGTH-DEPEMENT ASSONQTION COEFFICIENT, STORE

Coessstess CONSTANT VALUE sm:mf.o ;l ABCO(RIF) o

00 105 Fal.FRrAX

105 ABCO(R.F) = ABCO]

co’is DEPEADS ON WAVELENGTH, GET FROs SUBROYTINE,

Cosevscoses IF 13, CO,

106 CALL m&lﬂ!vﬂr :

‘60 10 104

110 CONTIME
RE ToiRY
Enp

/
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; ' "FUNCTION MINT(S)

\

il Coencotocncee ®sgcccee

Coessescse NINT FINDS COIL MUMBER IF RAY MOVES DISTanCE S,
[ D2 0 2 2 L T Y T Y YTF T s L ] Lad 1 L L) L 21 ® L 1] L 11}
COnmON 1697 ABCO(28+200) sALRav (580 oBERAY (Sg0)
¢ 1 +COORNS (6+50) 40+200) oEBASE (200) sESOR(28,200)
i 2 26ARAY (500 oRED(28,2008) oTITLE(12) sVMAT (2¢)
/ 3 VoL (200) oXLAM(Z208) e XRAY (508) o YRAY (S590)
/ 4 220AY(500)
‘ COMMON /ARRAYS/ ALK (200} sALPHA (48) oBEx(2¢0)
/' 1 +RETAI4®) 2DEVI200) *DX (2008) oEX(200)
/ 2 osELAN(200) sELAMAT (20) sEnal(2®) sEMERGY (Dog)
Jd Gox(200) sGAMMA [49) oREF (20) s SORMAT (20)
& oSUMRAY(208)  »SUNSQR(290) *X(48) *XK(200)
f S +Yiae) oYK (200) sZlan) oZ5(200)
, ' 6 o7LAn(20) . ‘
COnuOn/1ARRAY/ IFLAG4®) s IPOINT(50) .
e ISnaAX(59) 2ISOR(20) o JF(200) o JFLI200) .
shL(200) 2SN (200) o Ji2e0) o JIPI200) Y
SJRAY(200) 2 JJSOR(58) oKBND (900) okFLAG(200) °
AP (200) oKTYP(200) sLanP (59) - oLANGLE(20) »
- SLREFL (200) oLTYPE (208) —oMAT(200) oNFL(20) .
aaTi20) oNUMRAY (208)
COMON/PARANS / AL oALN sALR s ALRF oBE
*BEn «BER oBERF 201S oDNIN - ,DZ ofPS
o6a | 06AN 2 6AR 9GARF oPER )
= sSurRs  oX{ » XMOw +X0LO o AREF o XTRAN o¥I
oYnod +YOLD o YREF s YTRAN oll .
o280« +Z0LD o2REF s2TiAN
COnuOM/IPARAN/ FMAX sInax -9 I0W .
o10PAAY L JOPRNTY oIR o IRAY s JMAX » JNOW 2 JOLD
Spme oK]InT oKMAX o KNOW shMAX 2 NKOW oNSOR
! INTEGER FoFmax
- ) MI’(LCWII.‘M“.B-OIoﬂl'o”lC”lOCL'NouLloxL'!quDNI'Q
H _ "Sl?o“'oMnS"h"loﬂﬂosﬁals_oll‘s.CSTllomn.ﬂCSﬂloRSh!h.ﬂSTlI.
| SCOSTANIHZ DTHZ
. e . 8SnN=REeS-DELY
; AShsAL eS-DELX
i 1F (850.60,0.0.AMD,450,E0.0.0)ASDe] . ¢
- THSTSATANZ (850 9450)

NSTSIFIXU(THST=PSIZ) /REVe] oEcs)=10000

s THZ= THS T-NSTORCY

lmn-lﬂxuu-s-o:u-ui»ruu(cn-asn-I.Euo.s»-lun '

RETURN
Exp

C74



.

T

m—

B o

SUROUT INE AOAmAL

c.ono.w..o-¢oo.oo..t.o.ov-- "?:-:::::-- L 272 st L 7
Coeeossess SLAIDUTIAE NGEWAL CALOWATES Tid AOSMLL 10 BOUNMIARY Kiha,
cm..oooooooooo......uooo.-- oNEes e ™ < 20004000
Covreln 769/ IBCO(ZO-ZOCF oALRAY (500) 2OERAY(580)
1 +£00ANS16e58) oE1450200) ofBASE (200) o ESOR(200200)
2 »649aY (500} +RED1200200) oTITLE(12) s ¥RAT (20)
3 JvcL(200) oXLAM{200) o XRAY (508) o TRAY (S00)
4 +23AY(500)
COv=ON /ARRAYS/ ALKX(200) sALPnA (48) 1BEX(200)
1 omFTA(40) 20DEVI200) oDKX (200) oEX(200)
2 sELAv(200) sELAMAT (20) oEmaT (20) +EAERSY (200)
3 JcAK(200) oGArA(40) oREF (20) + SUIMAT (20)
& oSV (200) 2 SUNEDR (200) oX(40) o XK (200)
S eviap) W YK (200) o2(40) oIK(200)
6 JTLA%I20)
cow /1ARRAY/ IFLAG(40) o IPOINT(S8) [
oISwAZ(50) +150R(20) o JF (200) oJFL(200) .
oN (200) o Jui200) o Jui200) s JPL200) .
oevi200) + JSORISH) oNPMD (900) oRFLAGI200) °
kP (200) oXTYP(200) oLAnP (59) oLAAGLE(20) °
SLAREFL(200) LTYPE(20) sMAT (200) oMFL (20 .
omaT(26) . oUBIRAY (288)
COwaCn/PRIAAYS/ aL oALN ALR o ALNF o ’
oBEX oBER + DENF 203S OnIn 02 ofPS o
oGa oGAMN +«GAR o GARF oPER []
eSUNaa LIl o KNOU oXO0LD o AREF oXTnAN oY1 .
evnge +YCLD o VREF 2 YIRAN o21 )
oZunve o ZOLD o ZREF oZTRAN
COweOn/IPAR»/ FRAK o Inax o 10w [
eJ0e3AY LI1SPART IR s IRAY o JMUAK » JNOM WJRD o
[ $1Y ] o XKWAX o Kb sMBAX N 1 MSOR
InTs G 3 FoF*axX
Kasxalw
Coossseses ¢f1 6ECETAY TYPE FOR SOUMDARY MMOER Ko
KT=xTYP(K) }
Coscovecss g ON GEONETRY TYPE,
60 IOIl..-Z.O-3..-60.-500cl..n‘”hl..."ﬂol'_l'
Cossssvecee FINT AORMAL TO PLANE, .
100 CaLL PLAMORIK)
60 T0 10}
Cossessece FIND NOMMAL TO CYLINOER.
200 CALL CYLAOR(X)
60 10 101
Coosoesece Flnp WORNAL TO CONIC. \
300 CALL COWNOR(X)
60 710 101
Coassstose SPMERE
400 CALL SPMORIK)
60 10 101
Cosssstsse CONE
599 CALL CANOR(XK)
60 10 303
Cosssssses PARABOLOID
600 CaLL PammOR (K) .
60 10 101
Cosvsecsge nYPERBOLOIO
700 CALL MYPNOR(K) .
60 70 10} P
Cescsatsee ELLIPSOID
800 CaLL ELLWOR(IK) =
60 10 101
Cossesteee MELIX
990 CALL »ELNOR(IK)
&0 10 101
101 Coaviavg
Call CFBUG(6ra0RLl)
RE TURN Lo .
£:n
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SURI0OLT IV, PACKUM

Cooossotsssss; 0806 s 4 000000050000 000000000
Coanssdsses 5 AQUTIME p.cm PACKS Trf nu A55eYS 1D ELI*IMATE Teef

Coeos00000 SICIACE USED BY MAYS owiICn .mivf AEL% CESTROVEC,

InIEGER FoFvaK )
Cosoaadese SET EFFECTIVE I0NDEXRS],
1€F =]
Coedeavsee 0P TrROUGH RAY STGRRSZ,
00 1w i=leImax
IF(IFLAGIINI100+100010]
Coeccctsns RE-STCAE 2aY ON EFFECTIVE INDEX.
101 ALPHA(IEF)=ALPnA(]) r,
BETALIEF)=BETAC])
Gavea(IEF)=ZLwiA(]) \
R(IFF)=X(]) i
Y(IEF)=Y (]} 4
Z(IEFI=al) |
DO 103 F=loFnAX
E(IFFoF)sE(loF)
103 COnTIME =
IFLAGIIEF) =]
Cesssssese I\CREASE EFFECIIVE INDEX BY 1.
1EFslEFe]
100 COxTINUE 2 |
l-Alll(F-l
RETURK
Ewn

C > «o008 soassdase L 9000560000080 009

COw 0 769/ ABCO(200200) ' +ALRAV(503) WBLALY (S30)
1 oCOCRCSI6e50) of(608e200) oEBASE(2060) oESC21234202)
2 oFAAY (500) oREDI20:209) oTITLE(ID) wral (29)
3 Jv0L1200) oXLAN(200) oXRAY (566} o YRAY (S36)
& o7RAY (5%8) .
' COmwON sARRAYS/ ALK(200) oALPiA (40) oBEK(202)
1 +RFTL(49) +DEVIZ200) oK (200) oEx(239)
2 oELA*(200) oELA%AT (28] oEmaT(20) oENERGY (208)
3 6K (206} *GAvA(40) oREF (20) oSCAMAT (29} ©
& +SIPRAY(286) WSUNSCA(200) oX140) oRK(230)
S oY(40) oYK {200) Y{LY})] oIK(208)
6 o7LA%(2p)

COmvOA /7 ARRRY/ IFLAGI4S) o IPOINT (58) .
oIS»2xX (50} v1500(26) o JJF (280) o JJFLIZ208) .
oM (280) o M(200) o nidee) ' MP(2C0) .
S RAY (250} 2 JSOR (5SS 'KGAT (990) oKFLAGI2E8) .
*Kp(702) oXTYP(200) LAY (S9) LANGLE (2D) v
SLREFLI200) oLIYPE (20) oAl (200} oNFL (28) °
oNMAT (29) WNUPRAY (284}

” COveOA/PARANS/ aL oALN slLE o ALRF o€ .
L 13 oBER 'BERF 01S aDsfn 02 oEPS .
oGA o GAN +GAR 2GARF «PER )
oSuwas X1 o En0w *X0LD o INEF o XTRAN ol .
13 (%™ »Y0LD 2 YREF o YTRAN okl .
oZnps oICLD o IKEF oZTRAN -

COnwO\/IPARAM/ FrAX ‘ojmax -l:" .
oJ0PAY LICPRNT  HIR oIRAY . o JAOV «JOLD o
LTS 4 oKFAR o RNON oMRAX ] +NSOR "



Coaseoo0as Ps>.JR CALCULATES Trs DIRECTIONAL COSIMES OF TeE nORmaL
Ceocescsce Tr 4 POIAT Ov TnE SUAFACE OF & 2422300010

Coo0aecocssepenssnshoccsssace s osesne * ® . ee
COwaDN 769/ ABCO(28+200) *ALRAY (380) oBEQAY (Spp)
1 oCNMIS6e54) SE140:209) oESASE (200) oESCR120,200)
2 o6238Y (S588) *RED(23.200) oTITLE(12) VAT (20)
3 vOL(200) o XLAN(280) - oKRAY(S00) o YHAT (588)
O oZRAY (S508)
- CCOw=ON /33RAYS/ ALK(260) oALPnA (60) oPEX(2¢0)
1 onETa(4C) +DEV(200) o0% (20 0) oEX(208)
2 of Lt 290) oELAMAT (29) oEMAT (26) oEMERGY (200)
3 €25 (280) sGanma (40) oREF (20) 2 S0MAT (20)
& oS RaY (203) *SUMSOR (208) sX{an) ok (200)
S ovial) 2YK(200) oZ148) oIK(200)
6 J7LAn(20)
COw=ON/12RR1Y/ IFLAG (40) o IPOINT(50) ™
*IS»aK(S59) 21500 (20) o JJFI200) o JJFL (200) 0
o (2§0) o JM(200) o Ju(Z280) o JP(2008) 0
eJRsvi2e0) 2 JSOR(53) oKB~D (990) oKFLAGIZ200) . 2
oxKPg208) oXTYP(230) sLA%P (Sg) oLANGLE (20) ° i
SLREFLI220) sLIYPE(20) 4T 1200) oAFL (20) . W]
oNvL T (29) . o MUMARY (208)
COwwON/PLALNS s AL Y 'L oALR s ALRF onE » - B
oB8E oBEQ o BERF oIS oDnIn oI = gps
o6a oGAN 0640 o6adfF oPER »
eSUe3a o X1 o XNDo o XCLD o AREF oATRAN  ,vi .
[ (V7] o YCLD 2 YREF o YTRAN o2l »
olnng o20LD . oBEF oZTelAn -
COwwdu/1PARAN, Frax o InAX » 1000% .
e10F24Y L10PRNT oIR s IRAY o JMAX o SNV oJOLD
L 3 LY ' KPAX o%XNO oMmAL o MivOW oNSOR

INIESER FoFmax
Coetoesoce CaLL'AATe CCEFFICIENTS AEEDED.
DELXsXANe » XK (X)
DELYSYACR=YK (K)
DEL7=Z0Cu=ZK(x)
Coesccsoss CaLCULATE LENGTH OF mOuraL VECTON.
S$23SCRT (TZLE0@2sDELY®P200,05CK (K) -e2)
Coooaes0ee Ca| JULATE DIRECTIONAL CCSINES OF AORMAL .
ALesDEL2/SC
BEASNELY/SC
Gars(«2,3%DK (X)) /S2
Coosestsse CfCK DIRECTIONAL COSINES,
CALL CrECKISIPaANOR o ALNsBEN s GAN)
CALL DEBUG {6eePaNDR)
RETURN
Ewn

i
]

C77




v — Sy &

™

e

SUaCOUTINE PERCNT

CPreenndenesrsnsdsissssesd 0000080000008 0000080 ...............Q...0.......

Cosessvsss SURROUTINE p[l:cu! OLIENYIALL wnAY PESCENT oF Tt Ravy s
Cooenssnces TRANSYITIEO. USES' EuusTION +OR LTELECTRICS, |

Coo0000000000000000000800000 S4ebodasse .........................*H...‘.

COuON 769/ ABCO(20:200)  +ALRAY(S00) 2bLHEY (S00))

I +CNCRCS(6:58) oE(600209) +EBASE (200) +ES0R(20,208)
2 +GARAY(S00) sRED(204200) oTITLE(L2) oVMAl (20)

3 J¥IL(200) oRLAN(200) | s XRAY (500) 2 YRAT(S00)

& J7AAY(S500) \ ‘

I COM=ON /ARRAYS/ ALK(200) ! *ALPHA(40) +BEX (200)

I omFTAL40) oDEV(200) *DX(200) 2EX(200)

|2 +ELAN(200) oELANAT (20) . sE”AT (20) 2ENERGY (200)

| 3 +£ax(200) . 9GANML (40) WREF (20) #SCINAT (20)

i 8, oSUMRAY (200)  »SUMSOR(200) *X140) *XK(200)

\ s 2V 140) oYX (200) 02140) oIx(200)

| & o7 AML20)

| COmmOmN/IARRAY/ IFLAG(40) ¢« 1P0INT (50) ’

| oISwaR(SE) 2 1SOR(20) 2 JF(200) . sJFL(200) ’

| * L (200) 2 JN(200) o JN(200) 2 JP(200) ’
*JRAY(200) * JSOR(50) oKBND (900) oRFLAG(200) °
tpun X TYP(204) oLAMP (S9) oLANGLE (20) °
SLRFFL(200) oLTYPE (20) oMAT(200) oNFL(20) .
sdwiay (20) oNUNRAY (200)

| COwaON/PARANS/ AL oALN sALR  JALRF o8E
piEN oBER »BERF 1] ¢3 oORIN 002 +EPS
:“ , 0 GAN +GAR 0GaARF oPER ) :
LT PO § | » AnON oX0LD o AREF o XTRAN oY1
AYmgd 2 YOLO » YREF oYIRAN 21 ’ \
f: oZ0LO o INEF 2 ZTHAN .

1PARAW/ FRAX oImsx o INOw .
opuv 2 JOPRNTY oIR o IRAY o JHAX o JNON 2 JOLO
INT o KMAX o K0d o MRAX 'MO o NSOR

NTFGER FoFMAX
Cossecdane SET INDICES FOR MATERIALS ON ucu sme OF BOUADARY,
I1=%AT (JOLD)
s“AT ( JNO0W)
Cooncesions FIND COS OF ANGLE BETSEEN INCOMING RAY AMD NOHNMAL,
ctsunsm.-nu.qz-stnouoeu)
Coussesihoe FIND COS OF ANGLE RETotEN TRANSWITTED RAY AND WOstmal,
RsANS (AL RF ® AL NBERF *BEN+OALF *6GAN)
Coeneasges Flwn RATIO OF REFRACTIVE INDICES,
=REF (M1 ) 7REF (M2)
Cossecadee SOLVE EQUATIONS FOR ROTH FAJOR Poununlou ARES (RSRP) ¢
: ((CCSB-E»eCOSA) / (COSEENCCOSA) ) 002
1=CC5AeC0S8

C78



\

| -
| .
- SUAROUT INE PERTRAB(AA:BB,66) \

CPe08882400000000000000000000 [

Coessscess DERTAA PERTURES OIRECTION OF RaYy JF NEEDED.

Ceosesrcssnsssnne . cese
lF(uﬂZ-llB"l.u.l.E-'n Ads].Ee3 y
1F 166°92,LT.1.E~7)6Ge]) of=3
PagoRTY 1AA®S2:[g002456902)

AAsAA/P

SReRB/P

66=66/p

RE TURN ,

Emn \
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SUSSOUT IAE *PLANOR ()

C

Py & gy

Cosssesene Py AR RETAIEVES Irt ADMZL TS & PLANE,

*neadoesde

Cre

\

Cooevesces SET DIRECT]

23
W

ol 2 T YT

COvaOx s¢9/ 22001200206)  o&LARY(S3N) eBEQAY 1529)

1 oCO0RCS(6e58) of 163:233) vEsaSEL230) oE50%(20,.200)

2 +EARAY (589) oREG (20.2808) oTITLEE12) ovmaT 29y

N ewOL1200) wALAN(Z86) SNRAY(SEM) P YRAY(588) .

& JTRAY (S580) 1 o

COwa0n ,ARBAYS/ ALKI200F sALPwA (49) v8EX1209)

1 oRETAieP) oDEV (200} DR (200) oEx229)

2 oFLAv(200) oELANAT (29) oEPAT 123) +ErERGY 1209)

3 scax(200? 6L*A (48) oREF (20) 2SCRMAY (29)

& oSEAAY(20C)  oSL-SOR(200) ©  ex140) | 9XX(208)

S 2V140) oYK (200) 22140} 1IK(208)

& odLAv(29)

COv=0N/1 L0RAY / IFLAG140) oIPCINTISO)

olSrax(=9) e1500120) oK (200) o FLI209) .

oA 208) 0 J®(230) o IN(280) 0 P 1200) . .

OV I2CO) o JSSCRISE) . oXBVD1900) oKFLAG1200) 5

"P23¢) ‘oxTYP1209) sLARP (59). oLZAGLE (20) .
FLI209) / SLTYPE(20) oMaT (2009) oNFLI20) .
T12¢) SNUPRAY (220) ‘

co—wn;é-s/ a wyn Al oALRF 3

oSty oBER O o03IS | oDNIN (174 ofPS

oGa oBAN sGaR 0GaF oPER .

oS, ®ma X1 o XADw X0 o KREF o XTRAN ¥l

oyLny +YOLD (VL F AVTAAN o1 ’

oZude oZOne :lm’ oZTaN

COv~Oa/sIPRALIY Frax sImax o130 .

oI00WY LIOPRNT  HIad sIRAY s MAX o JA0w 2 J0LD

[ 3(%4 olNAK oXKNDw oMMAX ohOu +MSOR

INTEGES FoFrax

MA=ALLIK)
Gl sGAx (X)

Coesnsocee CHECK DYRECTIONAL COSINES,

CalL O-ECK(GPLANOR o ALN
CALL DEBUG (6+PLAMNOR)
RETUM,

e

|

A

rk‘ o6AN)

<

a-nir COSINES OF apRmaL TO THE PLANE,



SUPACUTINE POINT(KsBLPToFERT9GAPT o XXRe VIV 1ZL)

c....il.......................“..’....'..................“......“.....

Coooevsesa Tug VECTOR BETeEtn TnE TeC POINIS,

c.“dr........................“‘ L 2 2 ssesss

® PCINT LOCATES TrfE POIAT ON TnE wELICAL <IRE Tral IS CLOSEST
e TO & SPECIFIED POIN] 4AJ CALCULATES TnE Ke¥eZ CONPONENTS CF

P >0e

CCuuONn 769/ AELL(200200) sALRAY (500) +BERAY (590)

I «COORTS(6050) E£1(40:200) EBASE(200) sESON(20,200)

2 +RARLY (500) *RED1200200) STITLE(I2) "0 »¥WMAT(20)
3 J¥nL(200) oXLAM(260) o KRAY (500) s TRAY(S90)
& o2riY (500

COm¥GN ZARRAYS, ALK(200) sALPNL(40) +OEX(200)

I oBETA(eL) . oDEV (200} DX (200) +EX(200)
2 oFLA%(200) sELARAT (20) sEmAT(20) +sEMEHGY (200) -
3 JGaxiZ222) Y +GAMMA (60) oREF (20) < sSCRNAT (20) ’ .
& SUNAAY (200) oSUMSIR(200) oXi2d) | s AKX (200)
S oY(40) YK (200) oZ(60) oIX(206)
& o7LA¥(23)

COw<CA 7] sRRAY / . 1IFLAG(49) +IPOINT (50) »
o1Swax (%9) +1SCR(20) 2 JF(200) 2 JFLI200) .
o4k 1200) 2 J"(200) T e JuI200) 201200} .
°JRaY (200) ~* JSOR150) *XBAD (990) oKFLAG(200) ’
oKP(200) oXIYP(200) < sbAMP(50) ol.aNGLE ( 20) 0
SLEEFLI200)  SLTYPE(20) snaT(200) »AFL(20) ’
ohaT(20) SNUMRAY (200)
COnaCn/PrRanS/ aL oALN oALG o ALRF ont ’
oHEN .oBER o BERF *0IS oONIN 20Z ofPS o
o6a - oGAN +6AR oGARF oPER [ -
oSuwaA  oX1 + AnOe s XCLO oRREF - oRTRAN o¥I ’
oY o YOLOD S YREF oYIRAN . 11 ’ :
oZncM «I0LD o ZREF o 21RAN
COwmOn/IPARSN/ Frax o Inax » 1000w .
o10PaY LJO-RNT IR oIRAY Py TV s 0w oJOLD o
“ eRINTY "oKMAR | oKNTwW 9 MRAX 2 MOy *NSOR
INGEGER FoFwaX
DATA(Tu0PI26,283]1053])
Ceeosesoce (ol ULATE PARAMETERS AEEDED.

DEL X=X XXX (X)

DELY=YYY=YK(K)

OEL2227Z 2% (K}

PST=aTan2(DELY+DELX)

CapaaLx (X) N ¢
RuCNEsrELXOREK (X) , k
BuOnY=rELYSREX (K} ) .

Cosseessss CalCULATE CCIL NUSER anD SVARTING ANSLE (TH) o
&1!?“(IDELI-CAPOPSHI(loCﬂl'Cl’)‘loE'QOoSD'l..CO
THaPSleTaOP I oA

Ceosascsse ITERATE UNTIL ANGLE (TH) MAS CONVFAGED, -

" 100 STwusSIA(TH)

CTu=COS(TH)
FIaSTrefudDX =L .nonuoov-cw- (CELZ=CAP*TN)
too FPaCTHeRODX o STHORNODY o CAPOO2
- FPpacSTHoMNGGA e CTHORNI0Y

I1F (ABS (FToFPP) lLTelcEvtofpPoe2)gld 0 lad,

MH-I-FPQFP'SGH(!.O-Z.FFIOFPPIFPOOZHIF’P

S0 10 103

102 OTre=FI/FP

103 TuatwenlnR

1F fABS(0VH) =1 E=5) 101,100,100 ‘

c..m.... CALCULATE XoVeZ COWPONENTS

! 01 ALSTe(CELX-BEX(X)OCOS (Th))

BEPTa (CELY-HEX (X} SIA(TH} ' o . -
GapTs (LELZ=CaPeTM) s
ST RETURN v = )
. (193 N o ) o ‘ i
- ¢ A' < i . . =
i 2
¢ R 4 3
- 1)
[
&
™~
€s1 g
\
- . \
' .
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PEs

Cer)

FULCT]ON RAND (rnN)
CPc00006000300000000000000000000000000000000000000000000000000000s000000

Coocestons FImCTION RAND GELESATES & HENTOR AUMSER BETeEiw GeG A%ND 1,00
C00000000000000000000000000000000000000000001000000000000000000000000s00

COn~0n/ IPARAN/ Fuax oImax o INOH .
eJooRAY L JOPANT IR s IRAY * JUAX s JNQE 2 JOLD
oNINT KM o XNO« aMmaAX L] sNSOR
Cossentese STORE ~;0-35-~l *} AS-COASTANT

Darva(Jus334 3R367) ol
Cosssotsce T1E PSE RALDDA wUmetW 1S GEKERATED BY TWE MIXED CONSRLEN-
Coecsetcue TyAL KETHOD: USING & Pel+EY mJLTIPLIER A%D MCOULUS,
Coocectons FIND JRe5e0]15 o (1/2-5C3T(11/6)020035 & §

1 = IReIPSITSTEL2S o 77241067067
Coesentose TURN OFF DYERFLCS In0ICATOR IF On

IF OVERFLOW FAULT 1.1 :

Cosonstose REQUCE RESULT NODULO 2035
1 IR 1 .aMD. J '
Ceoeostoces FLOAT RESULY

Rip = IR
Coevovtene wakf ® JLE. RESULLT ol.‘._ 1

Raan = RIR/34359738368.

RE TURN

Enp

a



SURROUT INE RAY(IFLG)

c.l.QQ...Q......."...QQQQ.Q.Q.QOOQ“.“.Q.“"C‘“ ----- oes ® L g &

Coeooossee SURROUTINE RAY PICKS TnE LAST may STORED, IF O NAYS gxIST,

CPoooovoee 5 KfW RAY IS GELERATED.

(< 2T YY Y YY) 0000000000000 00000000000000000 000000000000 0000008000000

COov™Cn /697 ABCO(20+¢200) sALRAY (S00)
1 oCNOATS(6+50) <EL(490200), +EBASE(200)
2 oFRARAYISO8) ° oRED(20,200) oTITLEL]I2)
3 ev0L (200) oXLAM(200) *XRAY (500)
& 97RAY(S00)
COn“0ON ,ARRAYS, ALK(200) - oALPHA (40)
. 1 oRFTa(e0) sDEV(200) DX (200)
2 oELANI200) +ELAMAT (20) sEmAT (20)
3 «£AK(200) WGAFNA (4) *REF 120)
& oS1TAY (280) sSLMSQH (200! oX(A0)
S oviae) ' YK(200) eZla®)
6 JZLAM(20)
CO»“ON/ JARRAY/ IFLAG(40)
®ISrax(%59) *JSOR(20) 2 JF (200)
2 SN (200) o JM(200) s Jni200)
SIRAV(200) 0 JSOR(50) *KE8MD (99 0)
kP (208) oXTYP(200) sLAMP (59)
oLREFLLI200) olLTYPE(20) - oNAT (200)
ohuaT (20) oNUMRAY (200)
- CCu»ON/PARAS/ AL (1T ] sALR
OBEN | oBER o OLRF D31S oDM]n
63 o GAN o6AR o GARY oPER
eSuvaa X! o XnOw o XOLD o AREF
SYNC 4 o YAD o YREF ‘s YTRAN (Y4
oIne. o Z0LD o IREF o ITRANM -
COv=0n/1PAR LMY, FHAX o IAK » In0M
- oJ0PAAY JOPRANT oIR o IRAY sJMAX
oKINT o KMAX o KNOW o MRAK 1
INTEGER FoFmax
- DIvENSION SURFAT(100) _—
DATA(NPACS0)

Cosesesees IF ARAAY IS FULLe. PACK.-ARRAY,
IF(I17AX<39) 166,167,167
167 CaLL Pacrum :

*BERAY (S500)
'ESOR (120, 200)
.v-.tuzox
sYHAY (Sep)

oBEX(200)
'ER(200)
oENERGY (200)
o SOWAT (29)
oAK(200)

o IK(200)

»IPOINT(S0)
' FLI200)
2P (200)
oW AGI200)
oLANGL” (20)
oNFL(20)

oALRF oRE

oDZ oEPS
[
l!!m "l

. “a
» JhOU 2 JOLD
o NSLR

Cosocstcss IF sRAAY IS STILL FULLe LZSTROY RAY AND PROCEED T0 MEXT Rav,

IF (IPAX=39) 1661660168
= 168 PRINT 3S,]aay :

35 FOR“AT(IM +10MRAY NUMSERs 160334 HAS TOO MANY LE6S. RAY DESTROYED)

Coweoetose SET RAY FLAGS TO o,
00 169 I=]¢InAx
IFLAGL]) =0
DO 169 FxloFnax
EtleF)sp.0
169 CONTiwuE
Inixsg
60 T0 104
Coocectsse EVERY TEW RAYSe PACK THE RAY ARMAYS,
166 MPaCanPrCe)
IF(NPAC-10)102:103410)
103 CaLL Pacxum 1
NPACne
192 COnTINUE .
Coeeoodoes I N0 RAYS EXIST IN STORASE GO TO 104,
IF (1Max)1040104,105
Coosentose | Ok FOR LAST Ray SI’MD-_ -
16500 100 IIs)eImax -

C83
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Isjsax<]jey )
1F(IFL26(1)71000)0C+10] ES
ConTiang

Inaxag

Cessancese CEAERATE 4 MEW HAY,

104

112
m
108
107

CALL 1manx

00 31E7 g=leax
w-scquns-.ws:nuucswmuun“z
EAFQGY ( J) sEAERGY (J) e Sumsity ¢ J)
MemAT () ’
IF(»1111,111,112

SUMYAT () =SLMAT (N] e SUMRAY tJ3
COxTInE
1F(FLLIIINNTe10T,108
SUSAY [ J) 09,0

FFLLJ)I =9
AUSJIAY () SRR Y () ©)
CoATiaLE

DO 169 =) ,tweax

IF (L (#))109:189,110

AT (7)) =PAT (N) 0]
son-nnmcsmnuusmnmuz
L d LT )

SUF<AT (M) =0, 9

Cossootece I &0 QaY EXISTSs SET FLAG AND RETURA .

IFgIwar) 10£:1C0s225
1FLSa=])
RE 70

/
Coeeesssne S5T PARANETERS FOR !R‘Cll“ A MEw PAY,

18] .
S 30D 4
KiaX(])
Yisvil)
Z1=71(}1) -
oL nsx] '
YOLD=Y)
ZoLn=2]
ALeALPwA(])
SE=ETAL])
AL1)
CALL OECKIEN  RAYALIDEGA) '
IFLGee)
CALL DEBUGISH  RAY)
RETURN c '
Ex0 Py

C A e 4L e & i e e e ———__



SURROUT [NE RAYSOR( ICOUNT)

Cousseccse RAYSOR FETCMES & RAY FAOW AN TnPyT TABLE, .

> Py SOLLE.

Coe

C85

COvwOn /697 ABCU (280200 o ALRAY (509) oBENAY (S08)
1. oCORDS(6+50) SE(480288) . +EBASE (209) oESOH (28,200)
2 +SARAY (580) +RED(20.200) oTITLE(12] o AT (20)
3 LvOLi280) oXLAN(208) s XRAV(500) o YRAY (S90) .
& JTAAV(500) d

COw“ON sARRAYS/ ALK (209) sALPHA(40) ' +BEX(200)

1 oBETA(40) '  oDEVI200) -oDKX (280) oEX(200)
2 oZLANI208) ' JELANAT(20) oEMAT (28) oENERGY (209)
3 oGak(200) +GAMMA (68) oREF (20) o SURIRAT (20)
4 JSUPQARY(208)  SUNSUR(298) oK (49) o XX (200)
S oviep) 'YX (200) oZ(a®) oK (280)
6 oZLAN(29)

1ARAAY/ IFLAG(a®) o+ 1201INT (50) °

oISeAK (g) o1SOR(20) o JF (280) v JFL (200) .
oL 1208) ' JNiI200) ' JNI200) e IP(288) .
*JRaY (200) 2 SSOR(50) oKBND (980) oKFLAG (200) .
oKP (200) «XTYP(268) . SLAWP (Sg) . oLANGLE 129) .
SLRgFLI200) oLTYPE (20) oRATiZo0) oFL (20) .
oaY §20) SMUMRAYV (200)

COweON/PARANS/ AL olLn oMA - oALRF omE '
o8ta oBER oBERF oDIS oDulN - oDZ ofPS .
o6a oGAN oGaRt o GARF oPER .
oSusas LX) » RwOu oX0LD o XREF o XTRAN oYl ’
*Yn0w oYOLD o YREF »YTRAN o2l )
o2nne «ZOLD oIREF o ZIRAN

COw0N/ IPARAW/ Frax o Inax -» In0uw .
eJoPRaY LI0PRNT oIR o IRAY o JUAK o JJROW oJOLD o
K 31%4 oKmAX o KO sMAL « MOV oSOR

INTEGER FoFwaAX !

IFa1POINT (MMDa) ¢ 1COUKT~]

K(TmAZ) SXRAY (IP) g

Y(1=aX)sYRAV(IP)

ZIIuAK)sTRAY (IP)

ALBUHA (IRAX) sALRAY ( IP)

SETA(I®AX) sSERAY (IP)

GAvnd (TRAX) »GARAY ( IP)

. CALL OHECKI6HR2YSORALPAA (INAK) oBETA (INAK) o GAN A (JMAX) )
==

L ¥

A T



[}
1

[

AY

! SusyuTIaE Rev

k.'..'...............................ﬂ................................I.

Coooc=s ACYL CALCULATES TrE INTERSECTION CISTANCE FCR Sasg CCSTaan,
Ceeeesoee)r PaRT CF MELIX INTERSECTION CALCULATION,
c..lq.......C.....OO....O..O.........I.......Q.l....p..ll........0......
CouuOn /697 ABCO(209200)  oALAAY(50() oBERAY (S5 93
1 oCNCACS(6050) ¢E(4062(0) sEBATE (2¢80) 2£50%129,200)
?' 2 +GRARAY(580) sREC(200200) oTIT.E(12) o¥MAT (20)
' 3 s¥nL(200) oJLAM(200) oXRAY (500) o YRAY (S50)

\ & oIRAY(500)

CONMCA /ARALYS, ALK(200) | sALPRA (40) oBEX(200)

1 ''RETA(40) sDEV (200) *0K (260) . oEK(200)

2 JELA»(200) sELAMAT (20) oEMAT (20) sEAENGY (Z0C) !
3 v6axi200) sGANMAL40) oREF 120) * oSGHMAT (20)

& oSUYRAY(266) +SUMSCR(220) oX(40) - eRK{200)

S evis0) YK(200) sZ(a0) oIK(200)

6 oTLAN20) .

COw0%/ ARAAY/ IFLAG(40) o IPCINT (S0) .
o]Svax(sg) 21SOR(20) o JF (200) 2 JFLE200) .

oI (200) L M1200) *I%(200) *JP1(200) .
*JavYi200) »JSOR(50) 0.£85D(906) oKFLAG(200) . .
*KP(200) oXTYP(20D) sLAFP (59) pLAMGLE $26) .
SLREFL(200)  oLTYPE(2D) oMLl (200) oNFLI20) .
. oNwaT (20) ANUNRAY (2(0)

Comnpn/Panavgy AL sALN sALR sALRF onE .

. of9E oBER ° 1BERF OIS +GMIn 02 EPS

o6a 17 4] o6AR s6GARF oPER .

sSUvas  ox] s Xh0Ow sACLD s XREF oXTRAN ol »
*YNOW o YCLD o YREF sYTRAN o1l .

e2n04 oICL0 o IREF oZITRAN .

COwnON/IPARRM/ Frax sIrax o+ INOv »

*10PAAY  GJCFANT HIA oIRaY s MAX s HOw o JOLE o
sKIxY oKMZX »XNOw sMpAX o+ N0 ohIOR

INTEGER FoFvax .

CM’-INEI.CC"II.I!M'I-B'BI08IP'BFDC”'OEIJ--DﬁLX.DELYn‘.ELZ.culY.

.'SIZQRiVQﬂ~O|STN-'N'1NI050=l§lﬁKS'CSTH'Si[ho“CSYN'“SN'h'BSTI'

OCOSTAN G THZ D THZ ‘

CALL T~OFS .

COMNTINUE

Ceodedtoce CaLCULATE PARAMETERS AEEDED

EResSTreaL=CELX-ACSTH

u-stmac-ciu-nsuln.
. IRaSTHeGA-CELZ~CAP® Ti ~

FrSQsXR*024YRe0 262002 . .

DDus (AL * XREEOYROGA®ZR)

OE=FrSce2,0°40AR -

I1F(aBSIOE) ,LT,,00]1°ABAR) RETURK .

CEsCE/scnw i L

0Gs (] .=COSTANS®2) /DON . g

ODELSTH=0E/(1,05CAT(14=CE®QG)) . . ° . = :
COurBeseee CALCYLATE DISTANCE TO IATERSECTION.
) "STuaS Tne STn - - .
Coeosednes c"_:gnz ANGLE Th, ' A . 8 "

CaL INGFS; * N N )

60 70 1 ]

Enp

(386



SURROUT INE REFDATY

* Cossssscesser - - ~ o

Coocoedoss AFFLAT READS REFLECTION Dala,

L4 Sosescsstsante

.o OOPa

Ceseeotnses

oBERAY (599) - )
2£502¢20,200)

Cown0n 7697 ABCO1200200)  eaLMAY (5¢))

I oCOORDS(6:50) +E(400200) oEBASE(230)

2 +GARAY (500) oRED(200206) oTITLE(12) s ¥RAY (29)

3 oL (200) o XLAN(290) +XRAY (500) o YRAY (Sg¢)
4 ¢JAY(500)

COP=CN /ARRAYS/ ALX(200) oALPA {49) eBEx(200)

1 oPETAL49) 20EV 1200) 20K (2¢8) oEX(200)

2 oELAw(200) oELA»ATY ¢29) oENAT ¢ 20) +ENERGY (209)
3 «GAK(280) oGANYA (40) oREF (20) +S0SMAT (20)
& oSUMAAY (2080) sSU“SOR (2080) X 140) 2 XX (200)

S ov160) 27K (200) 0Z21a0) oIX(200)

& sTLA%(2g) [

' COwwOn/]aRRAY/ IFLAG(40) |2 1POINT (50) .
olSeaz(se)  +150R(20) o J% (200) @.-._ruzn) .
AL (209) 2 J1(200) *JN{200) (o P 1200) .
S JRavi2es) 2 JSOR(SH) +X8%0 (990) oKFLAG(200) .
°KXP(200) xTYP(200) sLavP(5g) sLANGLE (200 .
SLREFLI200) LTYPE(20) " oNAT(200) oM¥FL (20) °
*AMaT (29) oRANRAY (200)

ConnQusParaAnS/ aL . oM sALR oALNF o8E .
o8En o5ER o BERF «01S WONuIN o0z * ofPS o
o6a 0 GAN oGAR ARF oPER 0 L3
oSumaa: X} o KnOW x0L0 o AREF oXTRAN P34 °
oYn0us "o YOLD o YREF o YTAAN (Y44 .
oZnpa o20LD o ZNEF s2TaAN

COneON/ P aERANY FrAX oIMAK - oIn0w [ ,
oloraay ,10°a8T L1R sIRaY sJmax o JNOW oJOLD o
L3031 o KNAK 2 K0V sMMAX L sleSOa

INTESER FoFrax
DIvENS10M LYAZLE (10) . TENP(10)

DATA(LTABLE=6~TABLE ¢6NCONST +6mOIFFUSsGEFLACT oGMVaVCAL,

SOugAVIAP 4 (64 » -
Cootsotone PRINT PAGE MEADING,
PRINT 39

10 FOR*AT(1#1+53K, 1SHREFLECTICN DaTA//31n REFLECTI0M, 600

SANTYPE/1) MRQER/)

Coscossses 024D ONE SEFLECTION OaTa carp,

109 READ 11,0 LAAE, TENP i
11 FOQUAT (140 18,4€,10F6.8)

Cossselsse REFLECTION MmBER OF ZERO INDICATES EMD OF EFLECTION pATa.

IFIL) 11001100003
100 LisL~10
Coossotnce STOIE REFLECTION DaTa, b
DO 183 ms),1p
103 REDILL JN) =TERP (N)
*® DETEINE AEFLECTION TYPE,
D0 104 LY=1,.10 .
LIYPE(L)m Y
IF QLArPE-LTABLE (LTI 104,105.100
106 CONTIVUE
Coescctese REFLECTION TYPL WOT In TASLE,
CaLL EmPanT(gsacFpal) -
SToe
105 IF(LT=5)106¢107.106
106 1F LT=6)11101102,111
111 PRINT 13eLeLAASETE™S .
I3 FORAT (1N ¢11004X046:10F10.8)

60 10 109

107 PRINT 14.LeLNASE

18 FOIAT (In 2110,6XK086)
60 10 199. 1

O tare SEAEVATE REFLECTION FAACTIONS 45 4 FURCTION OF WAVELENSTH,

117 CALL REFINP(LL)
PRINT 1SeLeLNASE G (RED(LLoF) oF o] oFman)
15 FORYAT(IN o110+6ReA67 (1N 4208418F10,4))
60 10 109 T ' .

Cc87;

|




SURROUTIRE KEF IAP(LL)

C®soooteen REF IAP CALLS THE CESIGED ECuTIAS FG& GEMERATING
Co9ooctone IFFLECTION FRACTICAS 25 A FUMCTION CF BETELENGT™,

Cosspocse * . » .

COmvdn /697 ABCO(26e266)  oaLRZY(S88) oBERAT(530)

1 +COCRCS(6:50) ¢E(6Le200) oEba<Z (200) eESCH(2842¢2)
2 oRARAY (500) «RED(200200) oTITLE(L2) e¥HAT (22)

3 L c200) oALAN(200) oIRAY(S560) —.aYPATiSgs)

A 2752Y¢580) )
. COweDy /ARGAYS! ALK(209) oALPrA(4D) BExt200)

1 o8CTA(SQ) sPEVI200) DX (2§8) vEx¢200)

2 oFLAN(200) sELArAT (20 oEraT ¢26) oEME-GY (200)
3 «6ik(200) +GaMMA (4 0) oREF (20) *SCRvLT (203
4 JSUSRAY(200) ' MSL(208) X (46) XK (200)

S v 49 YK{204) Y {TY 1 Ix(200)

6 o2ULAN(20)

COwwOn/ARRAY/ IFLAG(40) «1PCINT(50) 0
oiSuaAN(=g) e 1SOR (205 ' JF(200) ' FLI260) .
sJL(200) 0t (200) ' A(200) ' P (200) .

JRAY(200) 0 J5Ca(Se) 1KGAC(908) WKFLAG(200) .

(200) oxXTYP(228) slare ¢Se) sLAAGLE (26) .
oLRgFL(Z200) oL TYPE(20) (L EFITY] oNFLI20) .
SANAT (23) N RLY (208) ‘

CowmpN/PARRwS a elLN oALR oALSF onE
*BEn oBER o BERF *01S oDoeln 02 ofPS
o6a oCan P11 ] o GARF oPER .
oS oX}l o KnCH oICLe | o AREF oR13an oY1
T e YCLO o YREF o YTRAN ol D)
o2ane 22CLO o IREF 'Y 4 L7 T

CCowOa/1PaR 1INy FPRX eIMAX o Ihpw 0
S107IRY  SICTRNT olR o IRAY o ALK o ALY o+ JOLD
oKAT oMy o KADW " olmAX »AAOuw oASOR

INTFGER FoFvax

DI~ENSICN TSTG(200) i 3

60 TO(100020003C5000:50006600703:0¢0,9980 10
100 CALL REFLILIXLA%FMAXTSTG oDU)

60 To 110
| 200 CALL REFLI2(XLAMeFPAXTSTE 20U -
60 10 110
300 CALL REFLII(NLA»FRAR.TSTG sDum)
60 10 110
608 CALL REFLIS (XLANFRAX,TSTG *Dueny
' 60 TO 110
500 CALL REFLIS(XLAYFIAX,TSTG +DU)
60 T0 §1s
600 CALL REFLIG(XLANFFAR,TSTG *DUm)
60 10 130
700 CaLL REFLIT(XLAN.FrAX.TSTG +Dum)
60, 70 110 :
800 CALL EFLIBIXLAF FraReTISTG Oum)
60 T0 119

980 CALL REFL1IIXLAN,FRAXTSTG 10Uy
110 D0 101 FelFrix

REB(LLFISTSTG(F)
101 CONTINE

AETURN

(7" ]



SURRDUTIAE REFLCT

\
\

Coe oee * 0000 oetests A L etcssntcssntess
Cesseences IEFLLCT CALCILATES TeE DIRECTIONAL COSINES OF D€
cosseescce QEFFLECTED RAV,
coe esce seaescss e casp * o ede
CCw=lN /597 ABCO(200230) oALBAY (580) «BEAAV(500)
1 2ZOCATS(6050) sE(40e208) +ESASE 1200) sESOR(Z0,200)
2 oFARAY(560) WwaTD1(200200) oTITLE(I2D swoal (20)
3 «¥YOL(200) oLLAN(200) s ANAV(S00) o YRAY {500)
& 273AY(580) | ’
COm=0n /ARRAYS/ aLxez2ee)d s ALP=A {60) oBEX1200)
1 oRETA(SS) «DEV (200) DX (200) oEx (238}
2 JELAN(208) sELA»AT(28) eEmaT (20} +EMERGY (200)
3 (68K (200} 0GATNA(40) oREF (20) 2 SORNAT (28)
& oSUMRAY(28I) o+ SUNSTR (200) eX(40) o XK {200)
S 2Y(40) oYK (200) o2(a0) oK (200)
& oTLA%N(20)
COm»Ix/1ARNAY/ IFLAGLAS), 2 1POINT(S58) .
pISr2X(58) oIS0R(20) o JF (200) o JFL (200) .
o (288) o+ JN(200) e (200) s SP(200) .
o X1aY (200) 2 JJSORUSH) o 59aD (900) o RFLAGL200) °
xp (299) oXTYP(200) LA (59) oLAWGLE (20) °
SLREFL 200} 2L TYPE (23} . omaT(200) oML (20) .
ohsaT(20) o AP RAY (200)
COrwOn/PARAYS/ a LN MR o ALRF onE .
L. 1 oCER oSEFF. oD1S 20NN 14 oEPS .
oGaA °GAS 0622 0 GANF oPER N
oSusaa X1 o KnDw o XOLO oAREF o RTRAN ¥l °
oYupd oYOLD o VREF o YTIRAN Py 4 .
Tende o200 o I-EF ol3AM -
ComvOnsIPLsL™/ FrAX e ImaAX o JoDM 0
/ ajopeay IOV 1R sImAY T o INON e JOLG o
oiIaT o X™AX o RADY orwAX oMW

oNSOR

INTEGER FoF”AR ,
Coesessoes CHLCUATE CCEFFICIENT NEECEOD,
STwPn-2, 0% (AL *ALNBESIEN*S206AM)
Cocevevese (SLCULLTE COSIAES FUR SEFLECTED QAVe
ALBsAL oBTwPo2LN
BEN=BE BT oREN
GARSGALATWPOGAA
coasesscees CrECK DIRECTIONAL CCSINES,
cattL C-ECK(GnAEFLCT0ALRCBER 0 5AK)
CagL DEBUS LREFLCT)
R TUAN '
€

89



B |

-

SURICUT INE REFRAC
c“.“...- 2000000000880 - e, 00000000000800000000
Coocesnnse niraAa\ CALCU.ATE TwE olnicuo:m.\cosxscs of TrE
Cosvsossee ngrluC‘ED“ﬂlkS"lI".Dl HAY o
cmoﬂooooo.ooumooooooooooooouoo.ooo...opoooooooocooocoo.....ooooo.

COorvON 7869/ ABCO(280266) *ALRAV(500) +BERAY (500)
1 +CCO=NS (6:50) +E (602000 +EBaSEL200) 2ESC#(204+200)
2 <FARAY(500) +RED (20200) «TITLE(1I2) ovmaT €20)
T ovTLL200) «RLANI2CE) «XRAY (509) < YRAY (500)
& oIRAY(500)
COF<ON /ARRAYS/ ALK(200) s ALPHA (40) oBEK(200)
1 +mETA(S0) «DEV (200} DX (200) oEX(20%)
2 JELAM(200) «ELANAT (20) oEMAT (20) «ENERGY (200)
3 +€3K(200) «GAINNAT40) oREF (20) e SCAMAT (20)
& «SUPRAY (200) e SUMSQ (2000 X (40) o XK (208)
S oV 140) 2 YK (200) 02(40) 01K (2001
6 271LA% 20} .
COveeON/TARRAY/ IFLAG(AD) «IPOINT(SD) .
' eISvAK(S0) e 1500 (20) o JF (200) 2 JFL(200) *
s 1200) 0 JM(200) o MM (200) ' P (200) .
cJRaY (280) * JSOR (58) oKBAD (9090) oRFLAG (200) &
oKP(200) «XTYP(200) sLas?(Se) oLANGLE (200 .
SLREFL(200) oL TYPEC20) - "av (200} MEL(20) °
onwaT(20) oMUMAAY (200) '
COv=ON/PARANS/ AL oALN oALR o ALRF onE ..
oBEn o RER o+ JERF +D1S oOMIN o0l J +EPS .
%A +GAN «6aR oGARF oPER .
oSLvas o X1 + XNO< oXCLD o RAEF oATRAN vl .
oV 34 »YOLD o YREF «YTRAN 23 .
eZocw +I0L0 o IREF oITRAN -
{PARAN/ FHAX o ImAR o 100 » '
ol00RAY  1OPRNT IR e IRAY Py 7} 3 o JOY «JOLD o
SKIAT oKPRX o Ko0u L TV o MNON oNSOR
INTEGER FoFMAk
REAL LCOTH
1100V '
Coscessces SET IxDICES FCR MATERIALS On EACH SIDE OF BOUNDARY,
nlevwaT (JOLO)
120waT ( AOW)
Coesesssed FIND RATIO0 OF REFRACTIVE INDICES.

ATuPsAEF (w)) /REF (92
escee COLCWATE COEFFICIERTS NEEDED.
102 Ll‘cnuuuu.etostmr.uun
Cosvescsse IF COSIME OF ANGLE OF INUIOENCE LESS THAN 1.E=60 50 TO 1#1.
l'llﬂS(LDOYll'l.E-ﬂ 10101010103
Coscsstess SET DIRECTIONAL COSINES Foﬂ-ﬂhlﬂS'lllED RAYe
101 ALRF=AL . .
SESFS3E
GALSsGA j
PEasl.0 )
N 60 710 107
103 lt[a‘sl.lﬂﬂohlfl‘“Z)II(A!"F“Z)'(LDOTW!))
"7 1F (ATERW 10491850165
104 PeEasd.f
Coosssssses IF PEFLECTION NUMBER GREATER Tiaxn 10 60 70 109
lru.ﬁtﬂ.(Mﬂ-lilllT.ll'hlll.
111 ALessaL .
' BERFeBE !
GARFsGA
60 Y0 109
Cossetbons FRESNEL REFLECTION, -

Ca0



o

'
v

105 BTuPeATHPOLDOTA® (<] . 9eSChT(BTERMD)
Coeoeotoce CALCULATE COSINES OF REFRACTED RAY,
ALRSsATHPOAL e BTNPOALN
BERF2ATWPOSE sRTHPOBEN BT
LUARF2ATHP OGRS THPOGAN
CaLlL CHECK{ONAEFRACALRF ¢ RERF 1GARF)
106 1F (LREFL (KK0W)=10)108+108,109
Coocsncser FIND PERCENT OF RAY TO BE TRAASHITTED,
108 CALL "PERCNT
&0 10 107
Coesontocs GET REFLECTION TYPE(LT).
109 LsLREFL (KNOW)
LT=LTYPE(L) .
. LLsL=10
Coossodese ARANCH ON REFLECTION TYPE,
] 10(100.200.300.600-533.600).LT,
Ceeose%0es TaRLE LOCKUP REFLECTION, ,
100 Capl TanEFILL)
60 10 107
Coe00000.0 CCASTANT REFLECTION.

200 CaLlL CCONIEF(LLY

60 10 107
Coocoooese DIFFUSE REFLECTION,

300 CaLL DIFIEFILL)Y

60 10 107
Coovoescce FuUNCTION REFLECTIONG PERCENT®],0-80(],00CCS(TH)))

400 CapLL FUAIEF(LL)Y
60 70 107

500 CaLL waviaEF(LL)

400 DO 113 F=)Frax
Ell'll.ﬂlﬁEDlLLo'l’Eﬂofl .
ELToFISEL)eF) o (THAXSF)

113 COATINE
60 10 310

107 DO 112 F=leFnax
E(1vax,FIs()=-PERYSE(]oF)
ECToFISPIROE(I,F)

112 COATINLE

Cossootose STORE COSIMES OF TRANSMITTED Rav,

110 ALP<A(T) =ALRF
BETA(I)wPERF
GAV4AL]) 2GARF
CaALL DEBUGISHREFRAC)

RETURN .
Enp :

€91

R e



SURRoU Y INE REYS

pupy

Covoeetocoosine - L
Coesostons PART OF »ELIX INVERSECIION CarCuyaltlos

®
[< > cecssessnsesve
COmtOn 769/ ABCO(2080280) sALRAY(58¢0) \ oUERAY (S556)
1 +COOANS(6:50) oF (604:200) EBASE(200) oESDK(20,20¢)
2 s GARAY (S99) oRED(200200) oTITLE(ID) i euwma¥(28)
3 vOL(200) oXL&MI200) 2 ARAY(5CH) ‘ oYkAY(S08)
& JTRAY (500)
COme0N 74RRAYS, ALK(208) oALPwA (48) oBEX(200)
1 +®€TA(49) oDEVIZE0) oD3(200) oEx(200)
2 oFLAN(200) +ELARAT (20) oEvaT(26) +EMERGY (200)
3 eGlKi209) oGAMNA (4 0) oREF 12¢) 1 SCRMAT (2¢3
& +PIRAY(200) o SLAY5CR [ 290) oX{a®) XK (200}
T o¥140) ‘P YR (208) o20a0) o ZX (200)
& | TLAM(20) \
COsOX/TARRAY IFLAS (4C) o IPCINT 158) [ .
O1S~2X(58) - #150(20) o JFI269) o FLIZ2EE) i e
oL (200} " (200) *IM(208) 11200 e
oJRaY(290) 2 JSNA(S8) o KB (99¢) oAFLAG(2C)) »
P (200) uTYP{200) LA (Sg) oLAAGLE 120) D)
SLREFL(200) oLTYPE(20) XAt (288) . oMFL(20) [}
smug¥(20) MNSRAY (200) |
COVN/sPamansy aL oALN oALR oALNF oRE ’
“9cn +BER o SERF *D1S oDl ooz 1 o EPS M
oGa 58K T sSAW oPER ’
oSUs3s 13 41 » KAOw o KCD o XAEF oXTRAN w71 »
oY sYOLD o YREF o tTRAN o) . »
olnpg o224 o IREF od VAN
Coveon/1FLsns FUAR = oImAX . ,IwOw . “
slosaay ,1C-RaT ol slRAY s JMAX o JAOn oJUD o
oIt ' JEKRAX o KOt ‘!.-u o RO oiiSOR
INTEGES FoFmax . .
w-ul-a.eoulh/ﬁun.s.u-cl'-e'-w.nﬂ.m.ntunbf.umz.mn.
. dPsll.ﬂi'.&c.Sln.tuﬂnh_SQﬁsS-ﬁ@-munmmﬁcshl.ﬁs‘!u..sfu.
SCOSTANs TiTeDTQ . .
1Cs0 : .
1F ((B-ABAR) * (51-4817)) 100,100, 101 : “
100 Cagl FTNDR B
6D 70 110
101 IF ({8-284R) *pPeDELTHI 11002040200
106 _0S2a - .
Tog=To
Srabe ‘
TngaTu ' Y
TrgaTiy
Sés9] R
Ser=n)r
12 CONT InUE
OTrem [ TaTHE) /7 (BP=B4P) 9P
TuesTn _ a
. [ T .
Besale -
Tria TranTH - b .
. JIF(UYu=THI)®(ToeeTHED) 13018918
18 tonTImeE
THs 5@ (TH1eTHE) =
13 CONT INJE
CaLL scaLc
Sa{(R.ABAR) 7 (Be-A8AR)

IF(®) 186+166019 -

1
oo

C92




19 CoATIMNLE
1F(2.LTe 0.5) &0 TO 18
IF (5CoR4P) 14020020
23 ConTINLE
lF(LBS(Inl-ThGl.S?..Ol) 65 10 146

32 CONT InCE
Tra TS
[T 1S
P s -5P

RETURY

16 CONTINJE
1F (aPea1P.LT.0) &0 TO 15
TH]sTie
Bi=R ¢
81982
60 10 16

15 CONTIME
TruasTo

16 COMTINUE
I1CeiCe}

1F(1C.LT.50) 65 T0 12
PRINT 17 'ﬂoﬁoﬁpotﬂloﬂl'BlpO‘F‘OD‘.BAPOTNS'BSOBSP'fﬂb

17 FOavAT (9= REWS 1T/ 12E1033)
60 10 132 .

106 CaLL FINDR
TruysTs
81=8
812=8P
Tuatrs
Bb=as
BPev5P .
CaLl FiwDR

118 COANTINCE
RE TURN
(1]

‘



SyaaQuT IRt ROMET(1)

c............0....0...........................................Q.........
Conessoere ACULET PLAYS RUSSIAN &CULET 17w Aay wuwzEd 1.
C““........O...”................d...........I......................0.
Cor=sn 69/ ABCO(209209) oALARYISOO) oBEAAYLISZO)
1 -CGOQTSl6-SO| oL (8600200) o£aASE (260) sESOR12C,203)
2 +GARAY(S80) sRED (26+200) oTATLE(]2) sVmal (20)
3 ovnL (200) o XLAM(200) s XRAY(SOD) e YRAY (S0 0O)
€ 92RAY(500) '
ComdN JARRAYS/ ALK (260) sALPrA(60) o BEK1260)
: JAETAL40) +DEVLZCS) oD% (283) WEK1220)
2 JELAMI200) sELAPAT (20) sEMAT(20) +ENERGY (200)
3 £AKI1200) 2GAPMAL140) sREF 120) ¢SGAMAT (20)
& ,SUeRAY(200) +SUMSSR1200) eX160) s AR (2068)
5 oY (40) 2 YK (203) '2lal) o IK (250}
6 oZLAM120)
CO-*ONIlAnﬂAYI IFLAG (4 0) o IPCINT (507 .
®]1SvaR(So) 01560 (20) o JF 1200) sJFLL200G) .
ol (2000 s SM(2000 ' JMi200) sJP(200) .
e J2ayY (200} s JSCR(50) o XpNC (R00) oKFLAGLZO0) .
kP (709) 2xTYP1200) sLA™P (50; osLANGLF. (20) .
SLREFL (200) oLTYPE (20) omaT (2000 oPFLIZE) .
oAy T(20) JWLtMRAY (200)
COwuON/PARANS/ AL o ALN sALR osALRF o0k .
L 13N +BER o BERF »01S o DM IN o0 «EPS 0
L {3 0 GAN o+ 6AR o GAnF oFEn ’
eSyras oY1 o AND4 o ACLD o AREF o XTRAN oYl ®
oYaNCd +YOLD o YREF o YTRAN o2l "
elnrd o 2210 o ZREF o ZTRAN
COwwON/1PAREY/ FHaAX e Imax . e Imew v
e10PRLY o109ANT  oIR e IRAY e JMAR o SNCY JND ¢
K InY LU o KNDw o mMAX o WNQW 'hsca
INTEGER FoF“AX
Cowwonsr2si s FRAC ¢ 10E8LE
100 CO 101 Fa).FnAX
lF(f(l-F)-ll.E-b)'EBlSElF))lOI.IOXcloz
102 lF!€il'F)-EhlSElF))lo3-lﬂlclﬂl
101 COATINLE
60 TC 110
103 Rans@zad(0)
lFlﬂl\-.S)IOScIOQnIQQ
184 00 106 Fm)FHAX
l‘lf(l.F)-EélSE(F))107-106-156
107 ElloF)=2.0'£(l-F|
100 ConTInNUE
60 Y0 100
105 00 108 Fu]Frax
lF(E(l.Fl-iBAS&(Fl|109-105-106
109 ElTeFIS0e0
108 CONTINCE
110 RETURN
Enp

€94



SUaAoUTINT CRLE(No YL AnoF 5CA)

c................................................................ o0 90ade

LOes1esees (22 £ CrINSES & SCLLE F2CT104 FOR SCALING EAERGY GEPZSITED

Ciredn s097 ABCO(2Co200) *ALRAY(552) o2EQAY (5p0)

1 £NNTS15,5¢) eE(eDe200) *E3ASE(209) cESO“(ZG.ZﬂDI
2 26iRAY (5285 eRED (20 0200) oTITLE()2) e¥Ymal(2¢)

3 vhLI1203) eXLAW(2C0) e ANAY (500) o YRAY (G09)

4 o23AY(S5n8) ]

COwwCN /aRIAYS, ALK(20y? eALPraA(eg) oBEx(200)

1 emgtaag; oDEvV(200C) DX (29¢0) oEx(200)

2 JFLA%(?3Q) oELANAT (20) eE>2T¢28) vENERGY (230)
3 Jcax(239) oGLMA(45) *REF (28) o Sc<maAT (20)

& yS'mAY(200) e SL™SIR(229) oX(43) o IK (209)

5 evies) e YK (20G) oZ2(a0) 021K (290)

6 o7LAN(20)

Comwin/s1aRRAY/ IFLAG(40) o IPCINT(50) .
oJSmex(c0) s 1S0(20) o F(280) o JJFL(200) .
CA (700 *JM(207) *un(2¢6) P (2C3) .
*J3aY(2¢00) ¢ JJSCR(50) * %P4 (900) oRFLAG(233; .
KD :200) owTYP(Z39) eLamd (59) oLAAGLE (26) .
oLasFL (200) LTYPE(2D) ™Al (2:3) oMEL(28) .
v T(28) shUNMIRY (209)

COvvln/PLaswegy AL olLN oALR cALIF o8k
*bfn o3FA o 2ERF oL)S DN (174 ofPS
*Gs M1 o62R °e6axF oPER °

oS w2y X 2397 eASLOD e AREF o XTRAN %41
SYnCo e YCLD e YREF e YTHAN (Y414 )

olnp4 «Z0LD oZ=EF oZTan .

COwvON/)P2a 2wy Frax elwax o InOw °

olnN>3ay LIroaNT IR eJRAY e JHMAX e (W « LD
L1318 ¢ oM™ER KAl e eMmAX oMOe ehSCA

INTFGED FoFwax
OIveng)on yLamgy)
Coe000%00e )f | 45105 WAVELENGTR S ZERC, SCaALE FacTon 1S ZEAQ,
lnIu—l-ln:c.loo.!ll
100 STazx0,0
60 10 jc2
Covosssese CALCULATE SCaLE nc!ca._
10) SCasYLAM(F) /ZLan (M)
102 Rgruay
Eng

C9s



Cee0s0200000s00000000:00000000000r0000000
Cooesocnes G2l RELSS DaTz 2% SeTs w2
Coooe

SUSROUTINE SEGDAT

...".'.'.'.."..".'..' teoedy

SEGeENTS,

...'0.'.'.05.."'..'.-.0.0....0".".....0"0'0'.'.."."".w'.‘...

Comadn /897 BBCCIC:0225) sAL22Y(57%) sist AAY (Sp gy
1 +CATS (6058 E(6¢e22%) oE3aSE(292) oES5R{29,2¢0)
2 oCASav(Sen) WRED(20,250) oTITLEC(I2) WY AT (29
3 ¥t (200) oXLAM(2¢86) s XAV (500) sYHAY (Sgp)

& oZ9avV(S5¢3]

€O /L3RAYS/ ALKI2C)) sALO=A (40) oBEX(2¢2)

I okETA(4L) oCEVI2¢83) LK (2%3) oEX (2¢0)

2 oELAM(26E) oELA®AT (22) oEmaT(23) oEREHSY (209

3 oraq(2ee) s6A"v1(4¢) oREF (29) 2SLR"AT (29)

& +SMIaY(200) 'SLTSTR(2¢CE) sR{(40) s XA (269)
S «v(se) oYK {286) e2(e8) vZK (200)

6 oZULAN(D@)

COmON/a7Rav/ IFLAG(40) 2 IPCINT(55) .
o]Swax(sy) 2 1SCR(28) ' JFL2¢C) e SFLI2EH) .
OIL (258 0 JRIZ2G M ' NI(200) [ Ar{{}i .
oMY I200) 2 JSOR (5%) *RAND (SCE) oAFLAG(23D) .
sxP(Iee) XTYP(228) slan? (5q) oLANGLE (20) .
SLEsFL(208) oLTYPE (28) AT (230) oNFLI2S) .
oleaY(20) 2MIIAY (260)

COwrOn /P aRANS/ a sALN oALR o ALRF oRE
oBEn 8ER 2 JERF oDIS oCrIN 174 oFPS
oG4 0GAN © 9GAR v62F oPER [
oSu=Qs oX] 0 INOw o XOLD o AREF o XTRAN oYl
L3 (%P 2 YOLD 2 YREF oY TRAN 21 .
olnta o ZCLD o ZREF o 2Tddy

COw=0x/1FLRaw/ Foax o Irax -2 INMOw °
oloPIey L 1CPR/NT I3 o IRAY s rax * JACH 2 JOLD
L 3(%] o K™AK o KNOw oM AX Ml o NSOR

INTEGER FoFmax

DlseaS 108 KIXPUT (20)

PRINT 13

o=y

I3 FO-“AT (11] 453K, 1 2NSEEVERT caTassex SEEYENT o 2K, AnwATER] AL,

*I6x.28-COAFINIAG BLUN
OO KA MR/

o]

Jixep

DG ESe

Cesorstece REap DATa FOR SEGYENT J.
104 KEan g, JonaTl, IXINPUT (M) onmlo I2) ovOL
16 FORVAT(21441115.F0,6)

Coeesstose 7eRD SEGmENT

IF¢n1)6.110.103

Coosossoas Coum: MUFCER OF
183 DO 185 m=],11

IF (X INPUT (%)) 18S9 1000

10S ARy
Coocescocs PRIAT SEGHENT DaTA,

106 PR)IAT 12,J0RaV], (K

12 FOQ“AT(In o174110.51,
Coaosesess IF , GREATER T am JUAXy JmAZm),

IF (J-swak)jelel0l, 100

100 Jnaxsy
Cooesetsce SET WP SECENT J,
18] KPgjianpe]

102

100
197

110

RAY (J)emaT]
YOL (J)evOL]
K30 (AP) =0

00 182 =l
MOT2Pex
‘G\OIWT)qlWYINl
Craviay
MOzadenBe]

M P2y Ps]

IF (P=52)107.107, 108
M o=S

Pajst 13

COATIAE

60 10 o4

CoavinE

RALD (nP) ug

RETURN

Exp

S53keEnvOLUPE/ B MHIER,

MABER [ADICATES END OF CATa,

BOUIARIES FOR SEGMENT Je

185

1110:6x0F12.6)

296

lw‘l“).“l.ll)-'ﬂ,l



SURATUTINE SEG=NT
c.c.ou’o......-.ov ...00..0..0.00.....00......000..000.01’000......QQ.Q.O.
(ossestece SF G FI8)S m~IC~ SeCwENT CONTAINS PCIAT XleYIelle
co.oo.’n-;nc-.nooooo.0....000000000000000....0¢0000000000000ﬂ000..00.0&0

Cew~=CN 2657 &BCO1200200) sALRAY (SO0 oBERAY (S00)
I oC 5SS (6e55) eE(420200) 20£3258 (233) oESCH(200250)
2 o522V U500) eGEL (200280 oTITLECLR) o¥P2T(20)

3 v"LE200) o XL AM(200) oXKAY(S5C0) o YRAY (S00)

4 o72AY(5CO)

COwwDN sARRAYS/ ALK (20C) WALP=2(40) oBEX(200)

1 +2FTA(80) oCEV(210) DK (200) vEX(230)

2 JFLRv(202) oELAYAT (20) sE™AT (20) oENERGY (209)
3 «GAX(Z00) e 6GAY*A (A0) sREF 120) 99LRPAT 20y
& S MRAY(290) e SL“S2R(280) oX(al) o XK (200}

S v (40) W YK (2230) 02040} 02K (200)

6 o7LLV(20)

COMNrs JARRAAY/ IFLAG(A0) 2 IPCIMT(S0) ’

e ISHAK(%0) 1o ISOR(20) o JFL200) o JFL(200) 0
eJL(?00) 0 Jw(26C) o JA(200) P (200} .
eJaY(230) +JSOR(5C) oXAND(903) oKFLAG(200) 0
eKP(200) okTYP(2CD) oLA®D (SO} oLanGLE (20) .
OLRFFL (200} WLTYPE(20) omaT (209} oL (20) °
ohuaT(29) oNUMRAY (230)

CCwelN/PARAYS/ AL oALN oALR s ALRF oRE ’
SsREN 0 BER oBERF e01S oDl N oD2 ofPS 0
oGa 0 GAN +GAR oGAsF oPER °
oSUwIA oK1 e ANTH oXCLD o AREF o XTRAN vl ’
eYNQHW o YOLD W Y=EF o YTRAW o1 0
L2 L o ICLOD o ISEF o ITRAN

COv=OnsIPARSS/ FuAX eImax - o InOW 0
e10PIAY 9 TCPRNT o IR s IRAY o JMAX o JNOW W JOLD
oKInT o MWAK o K0 O o MNAK o WO ohSOR

INTEGER FoFMRK

JoLnN= ACw

cesesecoece |F JyuCo IS wOTrIa SESwENT SUMIEA [e SET JBSMnDe,
1F (J%Je=1710191000101
100 JaNCe
60 10 j02
Cosssssose SET J EQUAL TO uOTrER OF LN
101 Ja_ (0w}
Ccocesssvee 15 POINT 1S 1IN uOTHER SEGWENT wWUwBER Jo 60 TO 10s,
102 IF (1%556(J1110391030106
103 IF (011051050112
112 J=g=tJ)
60 10 102
10S JnCde0
60 10 111
Cooossoese POINT IS IN WO THER SEGFENT J
108 JNCe=) '
coesesssss | COX AT LAST CALGNTER IM REIRARCHY.
106 Je L (N} L
Coseoscson [F POINT IS IN SEGHENT Jo GO TO 310,
19a 1F (INSEG(JI}IL901090110
coessossee L COL AT MEXT LOeEA SEG ENT IN WEIRARCHYe
109 IF(s2(U11 111,111,113

113 J=p2( )
60 Y0 198
Cososscsse PCINT IS In SEGHENT J.
110 J~n4-JK
Ceecsscces IF J 1S A «QTrER, GG TO 106 AND LCOx AT DAUGHTERS,
TE(F1J1IT11e1110106 .

111 CONTINLE
RE TURN
Enp



SuAIUTINE SETCN (L)
c.m“..b............. rYzrrll ....Q.m.......Q......00.......0.0...0...00

Covsovesee SiT UP 2 (ONE.

c“.‘....I............Q............”.....l 0000000000000 08000000 sveoaedy

CoOwwd™ 769/ ACo12%e233) e2.52V(52% oEESAYET ]}
1 +CNCES16.58) oE189285) €348 1222) sESTRI25,2¢%)
2 JHtRAY(SE) oRES1264256) oTITLF (1) se=alicDy
3 w1282} o XLA®(27%) oEmAY{S3T oYHAY (S22}
4 ¢7IAY(53C)
Cowvom 7RRIAYS/ ALXK(233) skLP~2(82) o5EC(228)
3 1 o85TR(30) WDEVI23E) % (238D M1t H]
] 2 JELL®(288) JELA®AT (22) sE-nT24) SERERBY 1235)
{ 3 $R2K(28)) oGAMwL (243) WREF 128) 052" T (28)
& oS$'PMLY (268) e SLPS S~ (236) sk ial) WER(283)
S Wvidl) YK (238) oZ1al) W IK(238)
6 +TLAY(2?)
COwmCn/ ] 8RARY S IFLLS14D) o IPGINT (58) .
sISe1X%2) 0.52~-12%} 1aF i) o FL 1233) .
o (229) o JUE22€) v ANI282) 2 P 1263) .
Y (220) o JSNAISR) WASACI9TH) IRFLAG(236) ’
oRP (22§) oxTYP(282) slam?(S50) WLanGL E(28) .
oLaFFLI233) LTYFE123) smal(2:¢) PFLI25) .
oamaTI2¢C) oY : 28 8)
CewOn/PRR2~S/ aL ALY sALR o BiLAF L3 ’
oBEn oBEa o7 «Z1S Yo d L) o3I +EPS .
o5a sGL% ¢ 68k 069aF o PER [
aSUwIa X} o KNG [F -4 o XgF o XTRAN vl .
a¥vze o YCLOD o YREF o YTdAN oy .
oINCa 'Y 4~ ¥4 o ZAEF o Z1AN
CowwsN/ IPLRIY/ Fyax L3 "o Inlw [
8I0eRAY (JCFENT iR e IRAY W Jwak ' IV o JOLE o
oKIaY «XPLIX + D o AKX o MCw o hSOR

INTEGE= + oFwalk
Covw0n /3. SICY7ANSPRR(12)
gessescece SIS (AIUT Cala.
Xt} ==~ 2L~ (1)
YL (K ) e=W3PRI(2)
IK () zaN=223(3)
£ (X) zR"PLR (8) =2 PR (I)
DELI=E«(K)
DEL X=5ADPAS (8) =X (X)
DELYSRATPLR (S) =Y (L)
Cosesesece C2lCiizTE (55002 CF ANGLE Falw (OnE L51S TS CINE SuSFACE.
D (4} =SELZ®*27 ITELXOO22TELVOO260E 2092)
Coosessoes PIIKT TCNE DuvR,
PRINT 11eKeLSEFLIRD ¢ (BASPLZIN] 923 04)
11 FOG=2T{1% s15s1694XsenliNEc24XstFEe3)
RE TURN
(1]



SURET.TINT SETIONIK]
(0000000000000000000000000007000000000000000000000040000000000000e883009
Coosersooe ZTroa SITS LD & CONITAL BIumlaxy FROW Tef INFUT TaTa FCR
P Creoe00000 T.:3:" ST_WILTY,
(000000000000000000000000000000000000000000000000000000000000000000800000

Clww=™n 7£9/ BBC3{23283) eALHAV{ISI)) . oBERAY (5C0Q)
1 oCD="SI653) JE(80¢200) eEHASE (283) oESCHEZ2L.200)
2 +B2ILVESIZY oREDI224253) o¥1TLE 212} 2Y®AT(20)

3 swTh (220) o XLA%(229) ¢ XRAY (539) o YRAY (S89)
& +2TAV(S20)
CCowwin sa2aa%S/7  ALN(2D2) oAL Pra (40) oBEX(229)
1 +3FTA 4D oTEVI2L8) oK (2835) oEX(203)
2 oFLev208) oELART(20) oEmaT(20) +EMERGY (20¢)
3 2K (72D) oGAvvL(al) oREF (23) s SCANAT (28)
8 oS vaeY(282) e SL?”532(292) vK(aC) 2 XX (200)
S eY(62? o VK (20D) eZ(a) 02X 1228)
6 +7L2%(29)

COnwoasaRAY/ IFLAG (a0) 2 IPOINT (58) »
®]1Swvix(c)) 01505 (22) e JF(203) p JFL(200) .

* (210 E 1vid 1] ' MAI(200) 2 JP(289) .
e Qavi2:2e 0 JSSS(58) 0 K2C(9C6) oKFLAG(2CD) ’
eI (P53 ok T¥2(2:23) WLam?(58) oLANGLE (20) °
oLTEFL220) WL TYPEI2D) owaT(230) o MFL (20) °
o2uaT(27) e NIAY (28]

COwwON/PaR2S/ aL eALN e ALR s ALRF +8E »
oBEn 8t o BERF [1'} $3 eOm]N 02 «EPS v
oGa o6AN 062 e DARF oPER [

LI 7Y ekl eXNvCe *XCL0 o RNEF o XTRAN vl »
L3 £ S oYOLD o YSEF 2 YTRAN. o1 )
L7 4 "2 o2CL> oI=EF o IT54N

COwm"o /1243207 Frax o 1p2x o In0w .
el ~o2ay P et 0 oln 01G2Y o J¥AK e IO eJAD
[ £ $£%4 o A»AK o ANDe oMwAX o N0 o NSOA

INTFCES FoFwax
C TR/eNDITE /3T (12)
Coeooo®eos SYZIT ACNIAIY DATA.
Mu (<) s PLa(])
BEC (X} zANTP2A(2)
Gax(«)=93,¢C
i CALL C-ECA(MSETIINGALC(K) ¢SEK(K) ¢S2K(K})
1 e () z20"D24(3)
Y ()20 "DLa(s)
I<g1=, 2
Coveoo®000 (o T RTE ECCENTAICITY 2L DISTANCE TO CIRECTHIX,
DL)erar"PaR(5) o2« (<)
DY123"2A(A) =V IL)
E1sSOST(DU]®02e0V]002)
AL 1=z2x1/3)
AL )=NY) /21
CaLl C-EL€(e=~STETCON oLl E10800)
Tm)zal € (<102 JoRTq(K}®3¢E]
CLozaL"P1A(T)ex( (L) ,
Ov23as"PLALR) =YL ()
R22523T(DK2002e372092)
IF (83S(51=52)=)oE~611C)s1010102
182 AL2=T12/32
BE>sDv2/ae
CallL CoFZ2«{3~SETCoNe2L2¢0E2¢8.C)
Tr2sa K (€302 208EK(X) 0322
EX (<) n(&le32) /(RleTalea2eTm2)
DE (<) s (R]0520(Tr]leT=2))/{R])="2)

\

Ceoeeo®000 DS INT ASRAY WILLES FOI eI nDaxY,

PR AT Lok olEIFL(9) o8 C(K) oDIK () gXA () e VK (K],
CFTSEI(6) 9T FAw (L 9ENIPAS{TI 0ENPEAT (R 0 O<C(K) EK(K)

10 FrovaT (1o ¢15e10e38¢5=I0N100cF0e3¢8K02F8,),84,
eg¢re. 3
wEY _3AN

1€) PagaT 2.« .

12 Fr3eaT126m In?.7 FCA 3CAI2«4Y WUNGERe (6016 COATAINS ERAZRS)
ST02
En)

c99



SURADUTINE SETCYL (X)

c.........................................'.........

Cesosecece SeTCYL SETS UP A CYLINDRICAL AQUATARY.
......O.................
sBERAY (509)
9ESC12042¢0)

CQOOQQQQOOQ0.0............................ﬂ’

COw=0ON /6%/ ABCO0(20:200) s ALRS r4508)
1 +CO0RNS(6950) 2E1¢0:200) 2EBASE(209)
2 oRARAY(520) sRED(20,200) oTITLE(12)
3 J¥OL(200) o KLAM(200) 2 XRAY (500)
4 sIRAY(560)

CO»“ON /ARRAYS/ ALK(200) eALP®=A (40)
1 RMFTA(40) 2DEV(200) DX (200)

2 oELA¥1200) oELAMAT (20) WEPAT(20)
3 (RAK(200) 2GAMMA (40) oREF (20)
4 oSIMAAY(20D) 2 SUHSCR1200) (24 Y Yo

S '¥I(AQ) 'YK (208) oZ(40)

6 27LAX(29)

COwntON/ Y 2RRAY/ IFLA5(a0)
eISvAX (S0) 2 1SOR(20) 2 JF1200)
e (260) 2 J(200) ' JSA1200)
*JRAY (290) 2 JSOR(59) 2 XENC(900)
okP (200) oXTYP1200) sLaMP (50)
oLRFFL(200) +LTYPE(Z2D) Mal (200}
Sheea T(20) P WUSRAY (200)

COvDK/PARANS / AL oALN oALR
SHBEA oBER o BERF »JIS oCMIN
oGA ML 26AR 2 GARF oPER
oSywlA oK) o ANDN o ACLOD o XREF
eYh(ia «YCLD wYHEF o YTRAN W21
eolnce +Z0LD o {REF o ZTnAN

COmwCN/IPARAY/ Frak oIrax - oINOW
e]0°RaY o ICPRNT oIR o IRAT o JMAX
aKiany oKMAX 9o KNOY sMMAX oM Ou

INTEGER FoFMAX
COm%ON/RASCCF/RNOPAR (12)

Ceessovess STORE BOUNDARY DATA FCR CYLINCER

ALK (K)=RADPAR(])
BE« (K) =RADPAR(2)
GAx (X) =RADPLP ()

Coessscces CrfCK DIRECTIONAL COSINES,
CaLL CHECK (6MSE TCYL 9 ALK (K) obEK(K) 9GAK (K] )

KX (K) sANDPAR(4)

YK (X) sa\TPAR ()

IK (<) sAKDPAR (6)

DX (K) zANDPAR(T)
Coseesssee PRINT BOUNDARY DATA.

oVMAT 120)
oYRAY (500)

+»BEK(200)

oEX(200)

JENMERGT (200)
o SCRMAT (20)

o XK (200)
2 IX(200)

o IPOINT(50)
o JFL (200)
2P (200)
WKFLAG(200)
oLANGLE (20)
oRFL (20)

o ALRF
1yzd

L]
o XTRAN
?

.
o JNQ®
oNSOR

PRINT IO-K-LREFL(I).ALR(K)|uEl(l,oGAl(K)oXK(l)QVK(‘)O

oK (K) oK (K)

10 FORMAT(IH »ISs1692Xe6HCYLIND96FB03032X92FB03)

RETURN
Eno

Cl00

+EPS

vl [}

o JOLD o



SVAIDLTINE SETELL (W)
cooocooc.o-ooccoccooocoooccooooooooooooooo.oooooooo.oooooooo.occ......o.

Ceoo000e0e c:7r | SETS UP Baw:YS FCh AN E1LL1FSSIC.
co...ooccnon-co.cc.co.ooocooccoooo...coocQQQQOQOOOOQQOOCOOOOQQQ000000000

CCwmln /637 ABTTI224220) SALRLY (SC3) el RAY (Sag)
I ol2T=a=35(5.55i eEtafociy sERASE(209) 2ESCR(20,200)
2 of2ZRY (503) sRED(264285) oTITLELI2Y YAl (29)

3 w2 1200) odLAM(Z20() oXRAV (588) o YHAY (Sg8)
& o7IFvV(SRS
COwvm /R238YS/  AL<1258) sALP-A(40) oBEC(2¢0)
1 oRFYT2q43) LEVI2C0) . *0x(2e0) oEX (200
2 of L2v(233) sELE®LT(23) - oEma¥ (20) oiht“GV(EOQ)
3 skrx (o) v6A¥“L(a9) oREF(25) oSCRMAT (20
& +5.~31Y(203) oSU¥SLR(209) 23 1¥4] o XX (208)
S ovieM YX(208) 22(48) oIK(208)
& J7LAw[2¢) N

CCwwlw/lara0Ys 4 . IFLAG(a0) 2 IPOINT(S0) °
®jSeaxisyp) 1SCRI20) - ' o (203) 2 JFLI2CE) »
*N_(208) ' M{2C5) *JINI280) 2P (203} ’
*J3av(2¢9) 2 JSGR(5¢) o KEND (595) oKFLAG(220) 0
*K>(23¢) XTYP(252) slas® (Sy) oLANGLE 123) °
OLEFEL1220) oLTYPE(2D) o®al(2¢8) oNFL(20) .

OhaT (2) SALMRAY (202)

COwvla /22RL%S/ AL oALN oALR o ALAF oRE ’
®8Fa oRER | o BERF (12§ oDuIn oDZ +EPS )
(1Y 26AN 627 o Ganf PER »
oSi~aa oX] s EnCw AOLDC o IREF oATRAN oYl »
oY~y oVILD o YREF o VTrAN ol} '
oZ\na o 20D o I3EF oZTRaN

Cowwmln/1Pas 2wy Fumix elmax - oInDw »
elCaasy L]179ANT ola s16AY oJmAX , o ADw oJOLD
oK) T o XMAY 2 OV oMNAK s WAOw NS TR

INTERES FoFewax
COv I /BuD0mM/RASP AR (] 2)
Coobee0000 7037 1%uT paTa
l(l(l::\?ﬁxﬂill
Y () =20 D22¢2)
I (a1 zan"223¢3)
K123\2F2314)
Y1:3\25742(3)
Z1=a\>542(6)
ZF »a%J5a2(T)
SFz7F=-2K(%)
11-2.30(11-1((())Osrolll-ltlxi)°°2
BE3 (S]-Xa (X))} 020 (Y]=YK(K))OO2
CC=z4,.005F9(2)-7<11))
Ceoesecocs SFr IF CATA DESCRIBES aM ELLIPS3IC,
XFIAA-G“:laloIOIOXOJ
191 1F (Q3-rC)102,102,163
Coéssestoss TaTa COES MOT DESCRIBE ELLIPSO]D.
03 PAINT 12,x
12 FOavaT(1#],21rDaTa FOR BOUNGARY WO, ,18,
®27:s DOES wOT FIT an ELLIPSC1D.)
Zino
102 CCAYIvE
Cosoccoscs CelCULATE CCIFFICIELTS MEECED,
USTE (K1~XK (<)) 2026 (V]eVR (K);O®O2
ISTaZ21-2« (K}
ﬂasoer««zsr-sr)-z--sn)-sxsutl.l.sr)
C®eesedooe CaLCWM.ATE B,
£l|()-IZSISSFOR)I(l.l--SOIllSI'SF))

Coeovedeoe CALCULATE Aee?2,
DX (2) sEX(K) ®22- (EX (K} =SF) 002
Coesescese pPa AT INPUT DaTa,
PRINT 11eKeLREFLIK) 9 (BNSPAD (M) gh8]oeT)
11 FOGwaT(1x 0150 1602KeMELLIPSe24K97F8,.3)
RETUAN
Ewp

Cio01



SUIFOLUTINE SETHI! ()
c-..-c....- 000 80000e000000080080000000000000000008000000000088608000000%0080s
c..'..‘...‘ bl......Q.G........I...........I............,I............I..

CCvult 769/ £3C0(250200) 8LV (502) enfidv (525
1 oCCIINSiEe9d  oE165e20() 25252 (285) eESCHZC o205
2 ¢GARAY(SC3S eREI1200203) o TITLEC 2] ovPeT 2y
3 J¥nLt20)) o RLA% (20 5) o XAAT(SCY W V=LY (503)

& 97SAY(S0D)
COu~DYy 7R8ARAYS/ &LX(200) ekLP=8(80) oBEC(2¢0)
1 «AETL(40) oDEV (200) oOX(206) 1EX (230)
2 +ELA¥(200) sELA®AT (20) 2E=2T(20) WENERGY (220)
3 e€eX(206d) 26AMYA(40) oREF (20) 0S=3v8T(20)
& JSUYTAY (208) oSL¥SIat22C) 'X140) PRK(250)
S sY(aD) YXK(™IE) v Z(al) 0 IK(2300)
& o7LL¥(20)

CO»> - /1ARRLY/ IFLAG(40) o IPCINT(SS) .
S1Swer (59) 0 1504 ¢29) s JF (232) sJFLI2LE; .
8N, (250) e M(20) 1.0 1200) 2 P 1266) 0
eJLY(200) 0 JSOR(SE) o X25E (52 0) oKFLRG(250) o
*XP (260) oXTYP(208) sLAwP (S0} oLANGLE(2C) »
oLBsFL (200) oLTYPE (20) omaT(200) oMEL(26) °
oNwiT(20) oNUMALY (220)

CowulCA/PLRL~S/ /L Y IR o £LR o ALRF oRE .
o8Ea oEER o BERF #»DIS o DMIN D 'EPS ’
[ 2T oGLN 204K 264F o PER .
oSywas o} o X%Od¢ o XCiLD o XHEF o iTRAN S 84 .
oY o «YCLD o YnEF o YTRAN 21 *

L7 {0 «ICLD o ZREF o ZTRAN

COvmpON/IPAT Lo/ Frax s IrvaX s INOD [}
e10p8Y  LIC3ANT IR oIRAY . gUumax W AOE e JOLE o
SKINTY NP AX o XNDo s X oNNCu o hSCR

INTEGER FoF“aX

COenN/RLICOM/ 3NDPAR (12)

KK (<) 3=%0PLR(])

Y (<Y =RNDPEI(2)

IX (<) =PNDPAS ()

ALK {K)x20TPLR ()

BEX (K) s5A\DECR (5)

OK (X) 22K TPAR (6)

PRI 19,K LREFLIX) o (BACPRAI(N) ghs198)
10 FOS=2Y(1» oI1501602Xe6N ML IX026%96F6,3)

RE TUSN

Enp

Ccl02



$UGCUTINE SETHYP(K)
c........0..........'1...Q...QQ.C....0.....0..............O........Q....

es CsTmY? SETS UP Twk A«RaYS FCH &4 WYPE<SDLOIO.
c...........................'0............'.............................

Chuwly 769/ RCO(20~203) sALRAY(500) +BERAY (500)
1 .crtQSS(GQSO) +E(40+200) oEAASE (200) +ESOR(2C+.200)
2 »2GASAY(S20) +RED(2020C) oTITLE(IZ) wvral(20)

3 evnL(?8D) e XLAM(200) o XHAY (50C) oYRAY (500)

4 9732Y(507)

COv¥I\ /ARRAYS/ ALK (200) oALPKHA(40) »BEK(200)

1 +RFTa(4C) oLEV1200) DX (200) WEX (200)

2 oFLRM1200) JELAMAT (29) eEnAT (20) +EMERGY (200)
3 WFACI280) 0 GAMMA (40) oREF (20) o SORIMAT (20)
4 oSUVHLY (206) oSUMSLR(200) *X (40) WAK (200)

S oY (40) WYX (200) v2(40) W2K(200)

6 272LA%(20)

COvnN/TARRAY/ IFLAG(A0) o IPCINT(S0) °
eISwAx(c]) e1SCR120) ' JF (200) o JFLI(200) )
e (70D) e " (200) ' JN(200) & vJP1200) ’
aJaav (200) 0 JSCRIS)I) oKBMZ (900) oKFLAG(200) 0
KD (200) oXTYP (200) oLAMP (50) oLAMGLE(20) .
SLAFFLI20D) L TYPE (20) oMAT (200) o%FI_(28) ’
ohuaT (20) o KUMRAY (200)

COmME%/PARAYS/ AL vALN sALR o ALSF .14 °
odEN +RER oBERF »01S oDMIN o0 ofPS .
Ga , 0 6a% oGan 1GARF oPER .
oSuysaa  oXI o ANOW e XCLD o XREF ° o XTRAN o¥1 v
eYNGe 2 YCLD o YREF o YTRAN o1 ’ .
oINCd o20LL o ZREF o ZTHAN

COvuIN/IPAREN/ Fmax elmaXx o INOW °
SIC2AAY  LICFRANT IR . o IRAY 0-MAX o JNOY oJOLD o
oK InY o MMIX o KADW oMMAX s NNOW oNSOR

INTEGEDR FoFMAX

COvvIN/RNDCCH/SNDPAR(]2)
Ceoosssssse SIORE INPUT DATA.

XK (x)aayDPAR(])

YK (K) =ENNPAR(2)

IK (%) =05 PAR(3)

GAK (K) == 5PAR(T) =ZX (K)

X)aReOS AR (4)

Y1sANDEAR(S)

Z1saKCPAR(S)

Asg . 00%cAK(K)®(Z]1=-2K (X))

Ba((l=XK(K))®02¢ (Y]1=YK(K))OO2
Ceesennsce SEE IF DATA DESCRIBES A WYPERBOLOID.

IF(3-R)1010102,102

102 PRINT [0eX :

10 FOQ™AT ()N]+2 HDATA FOR BOUNOARY MO, 160 .
#321GCES NOT CESCRIBE A HYPERBDLOID,)
SToP
Cesecetsee CALCULATE COEFFICIENTS NEEDED.

181 DELX=X1=XX(X) :
DELY=Y]=YK(K) —
WSCaDELX®®2eDELY®®2 v T
ISTsZ1=7x(K)
ReSSAT((ZST=GAK(K) ) #02¢¥SQ) ®SIGN(1.0025T) °

Coonsesese CALCULATE AND STORE 8.
—EK(K) s (ZSTeGAK (K) «R) 7 (wSQ/ (ZSTO®GAK(K) ) =440)
Cossoosnse CALCULATE AND STOKE aee2,
DK (%) s {EK(X) «6AK(K) ) ®®2=EX(X) **2
Cossesssce PRINT INPUT DATA, N
pPRINT ll-K-LREFLlK)-(BRDPAR(N)9N31'1)
11 FORWAT(IW .lsvlbaZl-6nmrPcas-zoA-1Fo.3)
RETURN
Eno
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SUAROUYINE SETPAR(X)
CO0000000+00000000010000000000000000000000000000000000000000000000000008

oo SETPLR SETS UP TnE Rk<AYS FCR & ParaARCLOID,
COQOOQQO.oQOOO.....O.'...0....0......0.QQ...O.QOOO...O.....Q......QO....

Cewudn 769/ aBCO(20:200) WELRAY(550) oEEQAY (509)
1 +CNOANSI6+50) +E1400200) oEbaSE(200) oESO%(20s200)
2 sGRRAY(S500) oRED(2C0200) CeTIWWFULI2) VAT (20)

3 L (2000 o XLAM{200) s ARAY (SCO) o YRAY(S00)
& o7JRAY {500}

COMMON /ARRAYS/ ALK(200! WALPHA(40) sBEK(200)

1 +BETA(40) eDEV(200) oOX (<00) vEx(200)

< oFLAM(280) oELAMAT (200 oEMAT (20) 'EMERGY (200)
3 caX(200) o GAMMA (40) *REF (20) oSCRMAT (20)
4 sSUvRAY(2C0) oSUMSOR (2007 &  +X(40) o XK (200)

S WY(40) YK (200) WoZ040) 22K¢200)

6 o7LAY(20)

COMMON/]1ARRAY/ IFLAG(40) o IEDIRT (S0) .
eoISvax(cg) v 150R(20) ' JF(200) o JFLI200) .
oSN (700) o JM{200) +JK(200) o JP(2C0) .
*JRaY(200) * JSOR(59) KB (900) oKFLAG (200} .
eKP (200) oXIYP(200) LAMP (S¢) oLAKGLE (20) .
oLREFLL200) oL TYPE(20) oMaT (200) oMFL (20) .
oNugT(20) oNUMRAY (200)

COw™ON/PARRMS/ = AL vALN vALR vALAF oRE °
®BEX «8ER o BERF oD1S WOMIN o0Z +EPS .
o6a ' GAN 0GANR 17112 oPER '
oSunas o X1 o XNOn o X0LD o XREF .l!ﬂlh ¥l *
®YNC» 2 YOLO W YREF ' YTRAN W21 N
olnda «ZCLD o ZREF o ZTRAN

CO»"10%/ 1PARLR/ FHAX elmax < IN0N .
e10PRAY LTOPANT LR e IRAY s JMAX 1 JAOW 'JOLD
oKINT o KMAX o KN (e PMMAX o MNOW o NSOR

INTEGER FoFMaK
COmuON/RNDCON/BNDPAR(12)
Ceeoesross STORE INPUT OATA.
KK () =ANDPRR (1)
TK (%) =sANDPAR(2)
IK(X) sREOPAR(3)
OX (X) =RNOPAR (4) =2K (K)
Coeses®oce PRINT INPUT DATA,
PRINT 11eKeLREFL(K) ¢ (BNDPAR(N) ¢Nu]194) DK (K)
11 FORMAT (1M 91Se1653NeSHPARAB 924X eAF B ,3024XF8.3)
RE TURNM
Exnn
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SURDUTINE SETPLA K}
c........ ....................................................Q....Q..‘..

Cee e QeTFLS SETS UP A PLANE BLLCARY . >
c...............................................Q...Q...Q...DQ.Q...Q.Q..

CCarwln 7897 LRCO(20¢206G) e ALRAY(500) oBERAY (RODY
1 ofNCRIS1645C) +E(€002C0) +EHASE (200) sESOR (120, 200)

2 #5222V (506) oREO (2T e220) oTITLE(R2) oVHAT (20)

3 JvnL (208} o XLAM(200) «XRAY (500) s YRAY (500)

& 2758Y(530)

CCmv3O% /ARRAYS/  ALK(200) oALPrA(40) oBEX 1200}

1 enFTA(69) +DEV(280) 0K (200) oEX(200)

2 JEL8wu1200) SELAMAT (20} sErAT (20) JERERGY (200}
3 oraAx (200} oG2vHALS0) o REF 120) +SORMNAT (20}
& oSLMRAY (200} e SUNSOR (200) oX (40} o XK (200)
§ ¢v(80) YK (200) 02140} WIK (200}

6 +ZLav(20)

COw 40\ 7 1 ARRAY/ 1FLAGLa0) » 1IPOINT (S®) °
eISwuax(S9) «1SOR(20) o JF (706} o JFL(200) .

e (200) 0 JM220) o Jhi200) 0 JP1209) .
egRsv (220} * JSGR(50) oXB:D (900) oKFLAG(200) .
oKP (2C0) «KTYP(269) s LAKP (59) oLANGLE (20) *
oLRcFL1209) oLTYPE (20} omat (200} oNFL 120D *
ehv2 T(2¢) +NUIRAY (200)

CCw=ON/PARAYS/ AL sALN sALR o ALRF o8k *
odgn oRER «BERF 201S oOMIN +0Z +EPS °
YTy «G2N 9 6GAR 0 GARF oPER ’
oSy»2A oX1 o ANOW oACLD o XREF o XTRAN o7l °
(3 Lo «YCLD ¢ YREF o YIRAN ol1 .

LY LT eZ2LD o IREF o ZTRAN

COwubasiPasL/ FMAX sIMAK . oINOd *
e10=8Y LI0FFNT IR o IRAY o JUAX ° SN0V o JOLD o
eRIaY JUPEX o KNOw o MRAL o POV o NSOR

INTSGES FoFwAX
COU*C\IF'JDCOVISWPA-“IZ)
Coscsecoce STGRE SOUNDARY DATA.
ALX (K} =ARDPAR(T)
PEC (K} 33NDPAR(2)
GAX (M) ==NDPAR (3]
CaLL C“EC((GNSETPLA.ALK(KI.SEK(K).GAK(K)|
ll(()sDWA-ﬂ‘)
YK (X) =AKDPAT(S)
1% (%) sRNOPAR(6)
Coesassnee CaLCULATE DISTANCE TO WOURDARY
o¢(naALuucl((uoazl(xnvul)oGAK(()Ol((u
Cescessose IF OISTANCE LESS Tran O ECUAL TO ZEROe PRINT AND STOP,
IF (X ix)1101s1010102
101 PRINT 11¢KeDK(K)
11 FORMAT (109 12+30UNDARY NO,+16915% HAS A NEGATIVE.
e20n OR ZERO DISTANCE OF s IPE12+4)
STce
102 COnTIME
Coesssssse PRINT BOUADARY OATA FCH PLAANE.
PRINT IO-K.LREFL(Kl-ALK(Kl-Billll-GAK(IMU(IMYK(KM
oZK (%) ¢ DK IK) /
o FOSWAT(IM -IS-IO-JI-S"’LM('“lolnlzlu“.floﬂ
RE TURN :
Enp
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SUQROUTINE SETSPH(K)
C.QQQQ...Q.Q.QQQQ.QQ.QQQQ..QQ..'.0.00.0....QQQQ.QQ..QQQDDQQDQOQQQQQQQQOQ
Coecoessge SCTSPH SEYS P a SPrERICAL S0UNGAGY,
c........OQ.QQQ..0.0.0.0.0..00...0.0000....QQ.Q.QQQQQ...'Q'QQQ...QQG.G@O

COorvON 769/ ABCO0(20+200) sALRAY{500) +BERAY (S00;
1 +CONROS(6+50) +E(400200) oEHASE (200) 2E504(20,200)
2 +FARAY(S500) _ +RED(20,200) oTITLE(12) oVPAT (20)
3 +vOL(200) o XLAX(200) o XRAY (S0D) s YRAY (S00)
& ¢IRAY(S500)
CO~»ON /ARRAYS/ aLK(206) *ALPwA (40) oBEX (200)
1 oRFTA(40) +DEV(200) DK (200} oEX (200)
2 +FLAN(200) +ELANAT(209) oE7aT (20) +EMERGY (200)
3 J6AK(200) ' G2nuA (40) sREF (20) +SCANAT (2¢)
& +SUMRAY(200) 2 SUMSOR (200) *X(49) 2 XK (200)
S Y(48) 'YK (208) o2 (40) 02X (200)
6 o7LAm(2g)
COvnlCN/1ARRAY/ IFLAG (40) +IPOINT (50) .
*ISvax(S0) »1SOR(2¢) 2 JF (200) WJFLI200) .
* R (200) ' J(200) ' JIN(200) s JP(200) °
®JRAY(200) * JSOR(50) *KBN0 (900) oKFLAG(200) .
oKP (209) oXTYP(200) oLAMP (Sg) +LANGLE (20) .
SLREFL(200) oL TYPE (20) *MAT (200! oMFL(20) °
SNuAT (20} SNUMRAY (200)
COvvOn/PARANS/ AL sALN | eALR s ALRF oRE .
*BEn »BER s BERF +01S oDNln oDZ oEPS .
o6A +6AN o6AR GAKF oPER °
eSyway oX1 o o XNOw o X0LD + XREF o XTRAN ¥l .
. SYnoe +YOLD o YREF o YTRAN o1 ’
o2nov o ZOLD oIREF o ZTHAN
COuvOn/IPARAN/ Fuax sImax - o INOW ’ 1}
*loPRAY LJOFANT  LIR sIRAY o JMAX 2JINONV JOLD
OKINT oKMAX » KMOw sMRAX o NNON oNSOR
.- . INTEGER FoFrax

COuON/RNDCON/RNDPAR ] 2)
Coevoccese STORE INPUT DATA.
. AK(K) sRNDPAR(])
YK (X} apNDPAR (2)
IK (X} =ANDPAR (3)
DX () saNDPAR (4)
Cousessees PRINT INPUT D Ta,
PRINY 11eKoLREFL (K} o XK (K} o YK (K) 92K (K} ¢ DX (K}
11 FORWAT(1H +1S+16¢2Xs6HSPHERE 24X e 3FB.3¢32KeF8, 3)
RE TURN
£xp

-——
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SUs3 MITINE SETUPP
c........ 0000000080000 0000808 0..........00.0.....‘...“.....”...........

Ce ® SURECCTINE SETUPP REACS TmE 1INPLT DATA AMD BMANDLES apg
Cee e SETLD &nD PRIILEM INITIALIZATION,
co.o.ot0o..oo.00000000.oo...o..o.00“0000..0000.“0“00000000000.00"”0
COorvlN 769/ 8ELG1200200) 2ALR2Y(503) oHERAY[(S90)
1 oCIDNNSI645C) SE(40,200) oERaSE(200) +ESOR(20,200)
2 oGARAY(S6D: oRED1200200) oTITLF(12) ¥l (29)
3 svDL t200) o XLAM{200) *XRAY(500) 2 YRAY (Se0)
4 97RA4Y(500)
CO=vON ,aR32YL/ ALK(200) » WWLPnA (40) »8Ex(200)
1 oAFTa([aQ) oDEVI200) *NK{200) oEx(200)
2 JFLAMI20C) oELAMAT (20) 'E'lPtZ'N +ENERGY (200)
3 eRaN(200) 9GaAnwA(40) oREF(20) sSGRMAT (20)
& sSUMAAY(200) 2 SUNSTR(200) X (40) o XK(200)
S oY(aQ) 2YK(200) 22140) oZK(200)
6 o714 (20)
COwvOn/s1aRRAY/ 1FLAG(:Y) +IPCINT(S0) .
e1Svax(%g) *150R120) ' JF(200) e JFLI200) .
O (2002 2" (200) 'Jh(200) 2P (200) [}
o SRV (2¢0) 2 JS0R(5C) o XKBAD(S00) sKFLAG(200) .
SKP(2¢C0) XTYP(200) eLAM? (S5g) +LAMGLE(20) Y
SLREFLI200) sLTYPE(20) omalT(209) oMFL (20) [}
ShNAT(28) Y (200)
COvvOn/PARANS/ aL sALN oALR sALRF oRE .
*BEN oBER o BERF o015 oDu N 1]:74 sEPS o
*5a o6AN s€2R *GARF oPER .
eSyU~2,a o X1 2 Xh0O¢ sXCLD o AREF o XTRAN oY1 .
*YND« o ¥CLD o YREF o YTrlAN o1 [}
oInsu oICLD . G IREF (Y4 C7S T
Cowwpn/1PRTILw/ FRAX slmax o InOW .
eJocaAY L10PRNT IR o IRAY s Jmax o JNOV o JOLD »
L3184 oKNAK o KNOW s MMAK » MOV s NSOR
INTFGER FoFmax
Cowmyc, \ASE/ FRAC » J0EBUG
Coevse®ans 141TIALIZE PARAMETERS,
IRavep .
J n=]
(1233 £ }
Sivane, @
Iwaxse
PRINT 12

12 FORvAT[1H] 9 21MGENERAL INPUT FOR ZAP//)
Cooveodese faDp InPUT Dala,
READ 10 T1TLE
10 FO2vaT(1246)
READ J1eFFACeDZoWAYRININAYNAK
51 FOR1AT(6£12.4)
READ 1S,FMAN, 10PANT ¢ 10EBUG, IR
15 FOa aT(316+116)
Ceoececese 1F mULTIPLE WAVELENGTNSs CALCULATE AND STORE THEM,
1F(Feax=1)1109+110+111
109 Fraxs]
60 10 11¢
111 DFs(wayMAX-wAVM]IK) / (FRAX=])
WAyFzdaAYS]X
00 112 F=1,FRAX
KLaw(F)nuayF
WAYFsWAVF e DF
112 ConTIME
60 10 113
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110 XLav{]1)swAVAIN
113 ConilmE
IF(FRAC) 1051054107
105 FRAC®,.S
107 COnTIWE
PRINT 13,TITLE
13 FOR“AT(1%0,124677)
PAINT 14oFRACIDZ o WAVMINGBAYNAX oF MAXy 1OFANT TOEBUS IR
16 FORMRT (1N o 1BRONETTE FRACTION=eE12,4/
®421 DISTAMNCE BETWEEN CONTIAULTIVE BOUNCARIES®E12.0/
028w Mla MU WAVELENGTHa E12.4/
o281 MAN]IMUM WAVELENGTHIE]12.4/7
®234 MYEER OF wAVELENGTnS®,J6/
186 RAY PRINT OPT]10n=¢16/20n DEBUS PRINT OPTION=¢16/
®2%u STARATIKG RANDON INTEGER=e116)
Coonssssee CFAD REFLECTION OATA
100 CALL REFDAT
(;eevcsssse READ MATERIAL OATA AND SET UP MATERIAL ARFAYS,
CALL »aTCAT
Corose00000 READ BOUNCARY DATA ANC SET UP BOUADARY LRRAYS.
CapL 8a\DDAT
Coosesscos READ SEGMENT DATA AnD SET UP SEG-ENT ARNAYS.
CALL SFGOAT
Ceocessose rap STRUCTURE DATA AND SET UP SEGHENT STRUCTURE,
CALL STRUCT
Cosesstens READ LANP DATA AND SET UP LAMP ARKRAYS.
CapL LawdaAT
Ceoosssoses READ SOURCE ODATA.
CaLL Scanat
Cooocnsooe RELD TEST POINT DATA AKD TEST SETUP,
caLL TESY .
Cosoanosee GFMERATE PRINTER PLOTS OF GEOMETRY.
CatL 6EOPLY
CagL DEBUG LGHSETUPP)
RETURA
&m0

--e
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SURGOUTINE SOF T
(90 000000000000000000000000000000000000000000000000000000000000000088000
Coesscotes SAFTr CALCULATES ST anND 8SIn.
e PLRT CF mglLIX IWTER<ZCTICN CALCULATION,

c.... 0000000000000 0000000000L0000000000000000000000000000 e®000000000000p

COwGn 769/ 48C0(20+209) sALRAY(500) »BERAY (S00)

1 oCNOSNSI6e50) 9E1400200) +EBASE1200) 2ESOM (20,200)

2 oGARAY(520) sREV120,200) oTITLE(]2) oVMAT 120)

3 WM 1200) oXLAM(200) s ARAY(500) o YRAY (590)

& oZQAY(500)

COwuON /ARRAYS/ ALK(200) 2ALPHA (49) +»BEK(200)

1 eufTa(s0) oDEV(208) D% (200) sEX(2CO)

2 oFLAM(200) oELAMAT (20) oEAT (20) oENEAGY (200)

3 J6ax(200) 2GANMA [40) *REF (20) +SORMAT (20)

4 JSUMRAY(200) e SUMSRA(200) *X160) 2AX(200)

S ov160) 2YK(200) 22140) 2IK(200)

6 o7LAM(29)

COov~0On/1aRRAY/ IFLAG(40) » IPOINTI50) 0

oJSmax(sg) e ISOR(20) *JF1200) s JFL(200) [

*N (7000 e M (200) 'Jn(200) ' P 1200) »

*JAAY (208 « JSOR(50) oKB~D (980) oKFLAG(200) .

*K2(700) oxXTYP1200) sLAMP (S0) +LANGLE (20) .

SLRFFLIZ200) oL TYPEL2D) Mat(200) s"eL20) °

AT (20) oNUMRAY (200)

COMMON/PARAMS / AL oALN’ ALR v ALRF oRE ’
v *BEN o BER s HERF 201S oDNIN 202 +EPS *

oGA 2 GAN +6AR o GARF o PER 0

oSywaa oX1 »XNOw o X0LO » XREF o XTRAN oY1 .

*YNOu +YOLD s YREF 2 YTHAN 21 ’

oZnow o Z0LD +IREF oZTRAN .

COovvON/ IPARAN/ FRAX s JNAX » 180w »

oJOPAY 10PANT IR o IRAY s JHAX * SOV JOLD o

SKINT oKMAX »KNOW sMMAX + NROY »NSOM

INTEGER FoFnAX

COMON/HELCOM/A0ABANHB9B] ¢BIPsBPeCAPDELTH \DELXoDELY s OELZ o DMIT,
OPS]Z.NEV.RNO.SIH.IH-IN)|SORIS-GKS.CS!n.Su?n.ﬂcsfn-ﬂslfh.BSIu.
SCOSTANSTHZoDTNZ

STrasAL® (DELXeRCSTH) oBE® (OELTORSNTH) oGa® (DELZ eCAPOTN)

BSTws (CELXORCSTH=ALOSTH) ®024 (DELY s RSNTH-BESSTH) 002
'y o (NELZeCAF S THeGASGS TH) 082

RETURN

Enp

C109

N

Bl



R e

SURBRQUT INE SORDAT

c...‘ﬂ...........0......’....l.............’............................

Coeossscee Srx~al KEADS SOTE DATA Caad35 aas SETS oF SOL={ES,

c’..‘..’...................1.....................’..I...............‘.'.

Cow~ON 769/ AECO(20+2¢0) sALRAY (5C)) 2BENAY (530)

1 «CNNArS(6:50) oE(460200) +EBASE(269) oE50(20,2¢8)
2 «CARAY(500) oRED (20,200} oTITLE(]D) sVmAT (20)

3 voL(20€) o XLA%(200) o ARAY (S3C) o YRAY(S00)

& o7AY(560)

COV~OK ' /ARAAYS/ ALK (229) sALP-A (40) oEEK(250)

1 eMETA(40) «DEY(200) oD (200) oEX (2€3)

2 JELAM(200) oELAvAT (20) oEnaT (23) oERERLY (200)
3 oGAX(200) 2GA%#A (40) oHEF (20) W SontmAT(29)

& 2SUMRAY (260) ' SUASCR (200) X (ag) o XK (20C)

S oY(A0) oYK (230) w21a8) o ZX (2086 -

6 7L An(20)

COwOn/)ARRAY/ 1FLAG (4 2) o+ 1POINT (S8) ’
*ISwaAX(%<0) 21S0R(20) vJF (200) ' JJFL(200) .
oeN (200) o J*(2866) ' JMIZ22H) o JP(203) .
oJIAY(260) 2 JSOR(S5I) oKEAD (900) oKFLAGI260) .
oxP (200) oXTYP1200) oLA™P (S9) oLANGLE (20) .
Sl RFFLI200) oLIYPE (20) wmal (200) WL (20) °
otonaT(20) +MUNRAY (200)

COmONR/PLIRWS/ AL oALm o ALR o ALRF oRE
oBEx «8EQ oBERF [1)¢3 oDM1N oDZ +EPS
oGa oGAN oGAR 2GARF oPER )

oSums o X1 o KNG oXCLD o RPEF o XTRAN oY1
oYRQ« «YOLD o YREF o YTHAK oZ1 [}

oIn0s sZCLD oZIREF o2TRAN

COv-On/1P LA/ FRAX o IMAX . o 180w °

S10PIAAY o JOPRNT olR v JRAY o JJmaK o JAQe "« JAD
oK nT oXMAR o K04 vl L) »NSOR

INTEGER Fof™AX
DIrFNSICN TENP (6)
DATA(1F=])
Coevsssses PATKT PAGE HEADING,
PR1%T 9
9 FORWAT (11]1¢53%¢ 11HSTRACE DATA//]1R 0 6MSCURCE ¢ IX o THSEGHEMT
02K o WBCURDARY o 6K ¢ 430 2% ¢ 4K ¢ SIMUIIER g 4 Xy
021-6E07ETRIC SOURCE DATA/1n 2 OINRMBER o 4K 9 GHIVUNEERy
“I.Mﬂ.bl.mﬂ-ll-‘lw RATS/)
ASOO=d
Coessnscos READ A SOURCE DATA CanrD.
112 READ 124N IXSORLAFPK o 1SHAL ] 1EAP
12 FORMAT(314915¢6F8,3)
Coeosssoce Azp INDICATES EXD OF SOURCE DATA.
IF(m)111¢1110100
tosssssses RETRIEVE SOURCE TYPE,.
100 150aR=]SOR (LAYSN)
Coesvsessss BRANCH O SOURCE TYPE.
60 T0(101:102:102:184) 15088
CW... 'a_w
101 MBaN=d
NSEGs JKSOR
60 10 103
Ceossoscse SURFACE SOURCE
102 MANN= JXSDR
NSEGee
60 T0 103
Cosoasvone RAY ]JWPUT SOURCE
104 MBuD=0
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NSrrzg

Ceeoescece PIINT SOUSCE CaTa
163 PRyNT '3."0\5E50~3500L1H9~|lsﬂlll.TE“’

13 FrocatT(lw ,16s6110
Ceeooscess I5 & Guraten
IF (4=a%0R) 106+ 100,

187 AS~Tay

06F 12.95)
THAN KSORe NSORsN
107

Coedescsce STORE SCURCE Dala,

186 JSoQ(n) . paSoR
lS-Allu-f!S"lll
Lawe (a) | Aoy

C®esss0eee 15 navs ARE T
l'ﬂSCl:tbul.Sol.B
Coepacocye SIN3E COORDIw

105 C%“OS(Z-!):!E‘IZ
CoranS(1,M) mTEup(
CO2ODS (4. M) = TEWP (4
CCOADS(IeN)=TEwDR (I
COCINS o) =TEmP (g

0 oE INUTs 60 TO Jo8

AiE3 |0 PARALLEL 09 IPED CONTAINING SOLRCE,
1=TEMP(])

:-TEI’(J’

:‘TEN?IS)

COGIDS (54 k) = TEMP (5)

6D 10 199

C®esoctsce aran InpyT RAYS,

108 IP0I%T(n) =P
00 110 ts1elSvax}
READ Ja.aLRAY(1R),
SYRAV(]IF) ¢ ZRAY (IP)
16 FOQuaT(17X,0F8,.3)
C®socotece Cufrx OIRECT]

BERAY (1p) 2GARAY (1P) 4 XRAY (1P) [

OnaL COSInES,

CALL CHECK(6HSORDATAALRAY (1P },BERAY (1P 1,5ARAY(IP ))
CSecccsece INCREASE POINTER BY ],

I1P=lPe]
118 ConTimgg

Coeescccss GO LOOK AT MEXT SOUMCE DATA cARD,

189 60 TC 112
111 Rerums
Eep

Clll



c......ﬁl 000000000000 00000000000000000000000005080000000000000008000800000s

e%ece SEMACA FINDS Tt OIREC)IIOAAL COSINES CF ThE NCRMAL TO

SURROUTINE SPHNOR(X)

Coeoootsge 5 POINT DN THE SURFACE OF A SPntaE,

C................'................... 0000000000000 0000000000000000000000

-

COnON 7697 A8C0(20+200) sALRAY(500)
1 +CNCAPS(6050) oE(400200) sEBASE (200)
2 +GARAY (500) oREN(200200) oTITLE(]12)
3 +v0L(200) o KLAM(200) s XNAY(5C0)
& ¢ZIAY(500)

COu=0N /ARRAYS/ ALXK(200) e ALPHA (40)
1 oRFTA(40) oDEV (200) *DX (200)

2 +ELAN(200) JELAMAT (26} oEMAT (20)
3 +6ix(200) o GAMMA(40) oREF (20)
& oSUMRAY(209) o SUNSUR(200) +X(40)

5 +YI(4AD) 2¥YK(200) 02(40)

6 o7LAw(20)

COwmON/JARRAY/ IFLAG(40)

eISe2X(S0) s 1SOR(2) o JF (200)
SR (700 ' JM(200) s JN(200)
SIRAY (200) 2 JSOR(50) 'KBHD(990)
*KP(200) oKTYP(200) LA%P (S0}
SLRFFL(200) +LTYPE(20) oMaT (200)

eNuaAT (20) TNUMRAY (200)

COVuDN/PLRAANS AL oALM oALR
*BEN +BER o 2F oD1S 'ONIN
*Ga s GAN sGAR +GARF PER
eSywR,s oK1 o K80V e XCLD o XREF
e YNOW ¢ YOLD o YREF oYTH2Y o1
o InNOu +20LD o IREF oZTwAN .

COr*0N/ [PARAN/ FRrAX s Irax » INON
¢ IDPRAY o 10PANT o IR s IRAY o JHAX
oKINT oKFAX o KNOW o MMAK o hNOw

INTEGER FoF%AK

Coseocedece CALCUMATE DIRECTIONAL COSINES,
ALNS (XAOw-XK (X)) /70K (K)

BENS {YAOW=YK(K) ) /DX (K)

GAK® (ZAOW=2K (X)) /DX (K)
Cooscadoes CECK DIRECTIG~2L CDSINES:
CALL CHECK(6MSPHAOR s ALNopE~9GAN)
CALL DERUG (6HSPHNOR)

KETURN
Enp

Cl12

03LAAY(S00)
oESCH(20,200)
sVHAT (20}
+YRAY(500)

+BEX(200)
+EX(200)
+ERENGY (200)
e SOMMAT (20)
+XK (200)

22K (200)

o 1PCINT (59)
W JFL(200)
+JP(200)
oXFLAG(200)
sLAMGLE (20)
oML (20D

sALRF oRE
(174 +EPS

1)
o XTRAN ov1
0

» JNOW v JOLO
oNSOR



SLRDUTINE SSCLCE

Ceoccveey (AL LI TR Y XYYy ...‘..............Q.......O.....'—".....””....O

Ceeeeooese Scracf CFEtATES 4 RAY FOuH a SURF acE SOURCE .

c. ..oooo..ooooo.ooooo.ooooo.'oooooo“oo..o..o.ooo..mo...'.ooo.o“.oo..

CCvern /697

1 oCRORMS(6,50) oE(600200) oE9a5€ (200)
2 oFARAY(53E) oRED(28,2¢0) oTITLECI2)
3 v (209) oXLAP(20G) s XRAY (500)
& J7AAV(523)
CCumDN saRRAYS/  aLK(200) 2 ALPna (48)
I oRFTa(4g) oDEVI200) oDK (200)
2 oFLav(2¢0) oELAMAT (29) efmat(28)
3 Jcaxi(2p0) 0GArmA(40) oREF (20)
4 +SUMAAY(200) oSLMSCH (200) *x(a0)
S eviel) 'YX (200) oZ2(40)
6 o7LAa%(2p)
COv“Cx/1aRRAY/ IFLAG(40)
oJSwax(cg) o JSOR(20) 2 JF(290)
* (200) ' JM(200) o IN(208)
®Jav(2e9) ¢ JSOR(50) X@n0(9908)
oRP(200) wTYP(200) SLAMP(59)
SLRsFLI250) oLTYPE (20) osMAT(200)
s T (2¢) o MUNRAY (200)
COmvOn/PaAANS, AL oALN oALR
oBEn *BER obERF oDIS oDRIn
[ 7Y oGAN o 6aN 1-1v.2 oPER
oSwa - LxJf » XivOu 2X0LD o XREF
oYnne «YOLD o YREF o YTdAN ol
v ol0u o 200D o ZREF o ITRAN
CCovwlu/IPaRswy FHax o Imax o InOw
elovlay  ,10°6NT o IR o IRAY o MMAX
oKIaT o TNAK ' KWOw o MAX o DY
IXTEGEG FoF=ax
DaTa(TwoPI=6,2a3]85)
I=guax
Ceeoseccse Fiam a RLADOM POINT(RCI) 0¥ (D) 0Z(]}) ON TeE
T)sTaCPIoRALD (D)
Ks SO (NAOW)
SK=FPS ,
1F (1S0= (ne0e) =31 104,103,104
183 Sxz.Sy

106 COATINCE .
unzuu)-(mcn.s.)'cosnnn
Y{I) eV (x) e (D (K)o SA) oSIn(Tn])

ABCO(2002089) oALAY(500)

2111 2CCORDS (S e 3miOw) *COORDS (69 MNOW) *RAND (9)

O s
XnOwsx(])
YnOwsyv(])
Inowe (1)
Cosonsrecs Fnp THE NORWAL 10 Twg POINT,
CaLL nCrRwap

o IPOINT (50)
2 JFL (280)

2 JP(2008)
oKFLAG(200)
oLaMGLE (20)
oMFL (20)

oBLRAY(59g)
*ESOH(20,209)
eVmat (29)

o YRAY (S90)

oBEX(200)
vEx(200)
'EAERGY (209)
o SUNMAT (2
s AK (2008)
oIK(208)

.‘L‘ .“ 4

o DI +EPS”’

]

' XTRAN ¥l »

o ROV o JOLD
* MSOR

SURFACE

Coeventece GET Tal aANGLES FOR DESIRED PACBABILITY 0!57“]80!]0‘.‘

CaLe AAGLES [ Tr,P¥])
COSTN=COS(T)
COSPNl«COS(PH])

SIxPHleS IN(PH])
SIaTH=5QRT(1 o8=COSTHO02)

Ceseseecss catcumalE OIRECTIONAL COSINES CF Ray,

ALpea(]) SALNSCOSTHeUENSS I nPr] oS [T
BETA(D) SBENCCOSTH-ALN*S IAPK ]S INTH
GAPUA (1) =COSPRISSINTH

b

Coeecetoce IF RAY SHOW D POINT Iavangs, dgvesse DIMECTION OF Rav,

1F(Sv11010102,102
101 ‘Lpulll)n-ll..?nl(l)

BETA(])=-BETA(])

“"l(l)'“("
182 REtTuan

(3 5)
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rsp e N oo AR

SUeROUT INE STRUCT

c.... .................................‘.........-.................. eoeoeoe

Coeosetene SURANUTINT STRUCT SETS LP TrE SEGeENT SIRUCTURE(~ZIRASCHY),

(006000000000000000000000000000000008000060000000000080010000700000800008

Covron /7697 a8C012002393) 2ALEAY(500) 2B5RAY(590)

1 +CNOANS(6:58) oE(60020v) oEHASE (200) sESCRI2Ge200)
2 +GARAY (580) oRED(20+200) oTITLECI) ovral (209

3 v (200} o XLAM(200) o X&AY (500) s YRAY (S00)

& o 7RAYIS500)

COMSON /aTRAYS/ ALK(200) oALPH A 180) sBEX1200)

1 oRFTA(SS) oDEV (200) Dn¢ 00} oEX (200)

2 wELAN(200) sELAMAT (20) 0E”aT (20) WEMERGY (200)
3 JGAK(200) 0GAIMA (40) oREF120) 2 SCANAT (20)

& JSUMRAY(200) 2 SUMSOR (200) X (40) oXK (200)

S LY(40) 'YX (200) v2(40) 0ZK(200)

6 oZLAR(28)

COvwON/14R- Y/ IFLAG(49) 2 IPOINTI50) .

o ]Smax (50) » 1S0R(20) ' JJF 2000 W JFL(200) .
o (200) ' JMi(200) ' Ihi2080) P (200) .
oIRAY (280} 2 JSOR(50) ' KEND (990) o KFLAGIZ200) ™
e«P(200) oxTYP(200) LamP §50) oL2NGLE (23) A
SLREFLI200) oLTYPE (23) oMaT (200} WML 120) 0
oneat(20) o NUNRLY (200)

COmON/PARAUS/ AL ALN oALR oALRF oBE
*BEx oBER WBERF oD1S DM1N W02 +EPS
LYY 0 GAN 06AR 064RF oPER 0

o Sys=aa X1 o InOw o XCLD s XREF o XTRAN oYl
e YND4 +YOLD o YREF e YTRAN o21 "

olnng o ZOLD o IPEF o ZTRAN

COmw=ON/)PAGAR/ FHAX slnax - 9 1NOW ’

e TOPAAY L1O0PRNT 1R o IRAY 0 J%AX P » JOLD
[ 191% 4 o KMaAXR o KNOW o AKX o MDY oNSOR

INTEGER FoFMAR
OI»FAS10N JNAV(22)
PRINT 9
9 FOQmAT (1H]1+53Xs 14KSTRUCTURE CATAZ/784 POTHERe10Ke
© 1 TWNAUCHTER SEGHMENTSe34X/
o8 SEGYENT/) .
NERS=E '
Coeesstscs READ ONE MOTYER ARD 1TS DAUGHMTERS, ¢
120 READ 10+M0Me (JOAUIL) sL31917)
19 FORwAT(1714)
Coeecsssee ZERN MOTHER SEGMENT IADICATES END UF DATa.
1F (wOm) 122,122,121
Coesoessss CruUnT MMRER OF DAUGHTEARS, '
121 00 102 LL=1.17
LstL
1F(JOALILLYIII0191019102
102 COnTINCE
101 L2=L~]
Coesssvoss PRINT “0THER aND DaUGKTERS.
PRINT 1]oM0%y (JOAUIL)eLsloL2) °
11 FGRVAT(IN ¢179e5X41716)
Lisl
Jug
Coseestses FCRRON 1IF HOTHER HAS m0 DAUGHTERS,
IFqJOAIFILLY) 10301030104 -
103 PRINT 12,.,J0aU(LL)
12 FOQUAT(1H ¢34nvITHER SEGHEAT1891TH wAS N0 DAUGHTERS)
NERSskERSe]
60 T0 110

’ C114
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Coecoctose SET VALUES FOR ARHAYS,
104 JF (~0<) s JDAY(L.L)
105 1F (UDACILLY}109+1090106
106 M1y
Jsnay(LLy
NI TR
Ceeceotcoe FRAOR IF SEGMENT APPEARED AS DAUGHTER ON Two CaRDS,
(M0 J11108,108,107 .
107 PRINT 13,y
13 FOSUAT (1N o THSEGMENT 414,33 APPEARS AS DAUGHTER ON Ts0 CARDS)
NERSENERSe ) :
LizLLe)
69 10 105
Ceeeeodoce SFT MDTHER OF SEGMENT Je
: 108 Ju( ) suon
Lialle}
62 T0 105
Ceoeoecrcne Sry (LAST DAUGHTER OF SEGMENT,
109 JL (M0M) =y
Lisli=)
, 111 Listle]
IF(LLY 110+1104112
l 112 WPisy
Jaynhau(LL)
i Ceecoscsce SET NEXT DAUGHTER IN HEIRARCHY,
IN(J) s P]
60 10 111
; 110 60 10 120

122 COnTINUE
Ceeooecees ChECK TO SEE )IF ANY SEGMENT HAS NO MOTHER,
DO 116 J»2euven i 5
113 IF(UF(U)I11651160114
l 114 lF(Jl(Jt)lIS-llSvllb
115 PRINT 14,
[ 14 FORMAT(151 MDTHER SEGMENToI4e14M WAS NO MOTHER)
NEQSENEESe]
116 COATINUE
117 1F(NERS)I119+1194118
] 11R PX)NT 15.NERS
15 FORMAT(1IH 9134334 ERRORS IN SEGMENT STRUCTURE DaATA)
STop
119 RETURN
l Enp

l C115
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SURROUTINE TABREF (LL)

ConuON 769/ ABCO(200200) sALRAY(5C0)

1 +CONRANS 1650) oE(6G2200) +EBASE (203)
2 oGARAY(500) oRED129+200) +TITLE(L2)
3 JvnL(200) s XLAM(200) o XRAY (500}
4 oTRAY (500)

COMnON /ARRAYS/ ALKX(200) oALPHa (40)
1 oMETA{4O) +DEV1200) DK (290)

; 2 oELA™{200) oELAMAT (20) sEMAT (20)
3 S6aK(200) sGAMVA(40) oREF (20)
4 9SIMRAY(200) oSUMSCR{200) aX{4C0)
5 oY 140) YK (200) 02140}
6 +ZLAM(20]
COuwMON/)1ARRAY/ IFLAG(40)

) *ISuAX (50) »1SOR(20) o JF (2001 |
o (200) ' JM(200) ' JA(200)
*JRaY(200) *+JJSOR (50} oX@ND (900)
oRp (200) oXTYP (200) sLAMP {50)
oLREFL (200) oLTYPE (20) omal (2003
eNUaT (20) oNUMRAY 1200)

COnvON/PARRYS/ (18 oALM sALR
oREN +BER .BERF oDIS oDPIN
oGa oGAN 06AR s 6axF PER
oSUMRA oK1 o KNOW oXCLD o XHEF
*YNOd 2 YOLD o YREF o YTRAN ol
oIngd oZCLD o ZREF oL1naAN

CowwON/IPAR =M/ FuAX e InAx o INOW
eJOPIAY ICFANT 1R s IRAY o JHAX
oKINT s K2 x o KNCu oMmAK shkCeo

INTEGER FoFvAX

D1rFNSTON ANGLE (10}
D‘T‘(‘\GLE"..O.’.‘OI00939690"6
00647794.5:034202001736500.0)

6034476608,

oBERAY (500)
oESOR (204200}
oVraAT (20)

2 YRAY (500)

oBEK(200)
sEx(200"
oENERGY (200!
o SUANAT (20)
#XR (200}
21K (200)

o 1FOINT (50)
o JFL (200}
2P (200)
oKFLAR{200)
oLAAGLE(20)
oNFL (20)

s ALRF o8k ]
oD +EPS °

e
: -l!R‘u oVl [
L)

L)
» O W JOLD o
oNSOR

Cosscsvsse CaLCULATE COSINE CF ANGLE OF IKCICENCE.

R Costu-ALOAL~08£OE§u06A'GIM
COSTH=aRS (CNSTH)
Coscestnse FYIND PUSITICN In TasLEe.
00 100 1s1,16
l'(COSTn-lNGtE(l))l.OolOlolOl
° 100 COATIWE
Coeseseses INTERPOLATE FOR PERCEAT TRA

ASHITTED.

101 'Elnl..-(ﬂ[D(LLol-ll'(HED(LLOII'“ED(LLoI'II)
"lCoS'u-lNGLE(l-l))IIAHG&[(IIOANSLE(IOIDI)

RETURN
(1)

Cll1o6



SURQOUT INE TEST
c..............I....Q.......‘.............."........................m
Coooos00se TEST READS CASGS CONTAINING TEST POINTS FCR CrECKING THE
Ceeoouoeee [rDul GECHETRIES FOd ExAURS
CO00000008000000000000000000000000000000000008071000000000000000000000000

COm=ly 789/ ARCO(29+200) 2ALRAY(55)) +BERAY (S00)

1 oCO0ADS(6:50) oE146+200) oEBASE (2€0) oESOR(204200)
2 +EARAV(SD0) oRED (204 200) sTITLE(1I2) VraT (29)

3 ovOL(200) o XLA%(200) *XRAY (500) o YRAT(500) i
& +ZRAY(50P)

COm=«Dn 7ARRAYS/ ALK(200) sALPHA (40) +BEX(200)

1 oRETA(4R) +DEV (200) sDX (200) sEX(200)

2 +ELAR{200) WELAMAT (200 +Enal (20) +EMERGY (200)

3 +GAX{200) +GAMMA (40) sREF (20) s SORMAT (20)
& SUMAAYI200)  (SUTSIR(200) oX(48) o XK (200)

S ov(a0) 2 YK (200) vZ(a0) oIK(200)
& o7LAN(2s)

COse=On/ JARRAY/ 1FLAG(40) + IPOINT (50) .
oISuax(S9) +1S0R€20) o JF (200) W JJFLI220) .
oR (700} 0 J4(20d) T oJui200) ' IP(200) o
e RaAY (200) + JSOR(50) +XBND (9001 WMFLAG(200) .
oKP (200} xTYP(220) oLAMP (50) +LANGLE(20) .
SLIEFLLI20CY oLTYPE (200 omaf (200) oRFL (20) . ]
olea T (20) AUMRAY (200) ’

COvaOu/PaRING s AL oALN oALR o ALRF onE .
o8 oNER oDERF oCIS oDnln [Y:)4 oEPS .
o6a 264N «GAR ‘9GARF oPER ®
oSu=Ra oX] 0 ANOo oXCLD , o XREF o XTRAN ¥l e
YN0« o YOLD o YREF 2 YTRAN ol ]
olnou «2CL0 o IREF o ITRAN T

COweOn/IPLRAYY, Frax eImax o INCH °
oJ0PRAY LIOPANT  LIR s IRAY o JMAK o JROY +JOLD o
oKInTY o KMAK o KAOW o FMAK o N0 o NSOR

INTEGER FoFuAK

PRIt 12

12 FORWAT(JH1¢S3KOHTEST DATA//IN o THSEGWENT 2 CPTIONe
liNeInNellKeluYolIXeINZ/)
1ST10P=p
Coosesssne READ A (CARD
112 READ 10,JTESTHICPeX1oY]10]
e 10 FORMAT (216¢3£1244)
Cosééuveag 7rR0 JTEST IXTICATES END OF Dala,
16 (JTESEPI004 1104100
Coscoossce ST P e‘s@,l SEGYENT MUBER. .
100 JO+=TARS (JTESTY ., .
PRTAT 13:JTEST 102 X ¥ 3011
13 FORWAT(1n o1 702X J6e3EI268)
Coeneosoes FDR ICP=0¢ TEST SEGMENT BCUNDARIES OMLY st
Coessecese FCR 107=]y TEST TO SEE IF POINY 15 INSIOE SEGMENT,
IFC10P11014102.101
Co00000000 FIN) SEGHENT CONTAINING PCINT . o
101 Cagi SEG™NY : )
7 60 T0 105
Coro008see SFE IF POINT IS nsxaz Of TnE BOU\DARIES OF JhOo,
102 IF (INSEGIMO¥))I10401030]1Cs
Coecoocsce PCIAT AOT INSIDE SEGHENT MOV ,"
103 Juowap . i _ o
60 T0 105 .
Coeoeesssne PCINT IS INSIDE SEGMEAT JLOI
104 JN0eo]ARSCJTEST)
Coeosevsse IF POINT IS IN SEGHMEAT J'IES'_I. 60 T0 106
3

/

L]
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L

105 lFle-lA!Sl.ﬂESHH"-l%-"‘l
cosscscsne SEE )F DESIRED RESULT wAS OdTAINED.
106 1F (JTEST)I1091084108
107 1F (JTESTII0N.109.109
108 1ERGs0
€0 10 111
109 lgnas)
Ceecsscsss DID AN ERROR OCCUR,
111 IF(1ERR) 112001201303
113 1STOee)
CaLlL SEGwT
PRINT 1] ¢ IOV
11 FOR«AT(10Xo26MABOVE TEST POINT 1Ih SEG olaolal = RUN ABCRTED/)
60 10 112
Cosssecsees IF ERRORS OCCUAREDS STOP
110 IF(ISTOPI 11591150110
116 SToP
115 ReTURN
(3]

C118



SURRIUTINE THOFS
c..............................Q..Q..Q.Q...........””QQ.QQ......QQ.“Q
Cesoesosce Tr(iS CALCULATES Tt AS A FUACTIuN OF STh,

Coocosocoe PRAT OF mELIK INTEGSECTION CaicuLallon.
c”...'....................“..Q..Q............Q.”C”.Q.......Q.....’“
COwsdn 69/ 48C0120+200) oALRAY(5C0) sBEABY(S00)

1 oCNOATSI6:50) o£10400200) oEBASE (200) oESCR(20,200)
2 oGARAY (5(0) oRED120,225) oTITLF(12) oVmalg29)
3 2¥NL(200) +XLAN(206) o KRAY (500) o YRAY (500}
& o7RAYISNN)
COvuOn JARRAYS/ ALX(200) oALPHA (40) oBEXI200)
1 emETA(AR) oDEV(200) 00X (200) oEX(200)
2 ofLAM(2C0) +ELAMAT (20) oENAT(20) oENERGY (200)
3 sRAK(2C0) oGA A (40) oREF (20) o SCANAT (20)
& +SUMRAY(200) oSU~SOR (200} oXia®) XK (200)
S ov(40) ' YK(200) [2421)] oIK(200)
.6 o7LAR(20)
COm4ON/IARRAY/ IFLAG(40) o IPOINT (S0} *
ejSmaK(ce) o JSORI20) o JJF(200) o JFLI200) °
SR (200). o JN(200) o JR(200) o P (200) °
e JaaY(Ze0) 2 JSOR(50) oXB8n0 (S00) oKFLAG(200) .
KPP (200) XTYP(200) LAYWP (S9) oLANGLE(20) .
SLREFL (200) oLTYPE(20) omAT (200) oNFL (20} Y
oha T (20) o NURRAY (200)
COwuOn/PARAMS/ aL oALN oALR o ALRF ot [
oPEn oBER s BERF o0IS oDMIN o02 ofPS .
o6A +GAN +6AR oGARF oPER 0
eSy~34 X} o AOw oAOLD o XREF .l!m oY1 °
oYNgw s YOLD o YREF o YTRAN oll [}
olnce oZOLD o 2REF o ZTRAN =
COvw=Qu/sIPARA»/ Foax o Ivax o In0u []
oJ0PUAY (10738T ol o IRAY o ax o JeON o JOLD ¢
oKIn? LYY o Kn0v oMMAX oMeCu oNSOR

INTEGER FoFMAX .
COvON/HELCO*/8,ABAR b BB 1P eBP o CAPSDEL TMoDELX s DELY s0ELZoOMIT o
i OPSIZoREVIRWC o STHe THoTH] ¢ SORKSRKS o CSTHo SNTHoRCSTrio RSN TN o8BS THe
SCOSTANSTHZ sDT 2
Cosossosce CoLCULATE PARASsETERS AEEDED.
To.smTH
| CONT INuE
DZTnsGaeSTH-LELZ-CAPOTH
DXTusal oSTH=-DELX
OYTHu=AE o STH-DELY
‘ FIsASNTHONITH=RCSTHOOY Tr=CaP*DZTH
y FPoRCSTHODATHORSNTHODYTrHoCAP OS2
FINT= 50 (DXTH®e2eDY IHO220D2 ThO02)
FIpsf IAT/FT
60 10 3
2 CONT IUE
FIp=FT/FP Py
t 3 CONT InUE
IF(ABS(FTP).6T.1) GO TO &
Ceossonseces CalCLATE TH
TuaTr=FTP *
Coeoesssee CALCULATE COSTAN,
CALL CCSTan
Cooboececs St IF MOAE ITERATIONS ARE AEEDED.
IF (aBSIFTP) 6T, .6C)) 60 TO 1
DEL TR TH=TKY
RE TURN -

- s CONT InGE
DEL THeSIGN (1o oFTP)
1gtorn-c£LIu
CatL CCcSTan
RETURN
Ewp
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SURROUT I8E VSORCE
COswON /7697 AGCO(29+208) e LLRAY(SSG) oBERAY (S5£0)

1 +FNORLS(6:50) +E(AD200) oEBASE (200) sESO#(205200)
2 +GARAY(S00) oRED(20¢200) oTITLELIZ) oV¥=al (2¢
3 ovVOL (200) o XLAM{2E0) o XRAY(500) 2 YHAY (S00)
& 2JIAY(S500)
COP=0N /7ARRAYS/ ALK(200) *ALPHA (66) +BEX(200)

T 1 omETA(4E) «DEV(200) *DK (290) sEX(2C0)
2 +fLAm(200) «ELAPAT (28) sE™AT (20) 'EMERGY (200)
3 16AK{200) 2GAMMA (A0) oREF (20) SCRMAT (20)
4 9S'IRAY (200) oSUMSCR (200) 2X(A0) XK (200)
S ev(SR) oYK (200) 02043) o 2K (200)
& 7L AM{I20)
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